Changes in hexosamine synthesis in liver and stomach during stress ulceration / by Sander, Linda Dian,
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to  continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
Xerox University Microfilms
300 North Z eeb Road
Ann Arbor, Michigan 46106
7 4 - 1 2 , 3 2 4
SANDER, Linda Dian, 1947- 
CHANGES IN HEXOSAMINE SYNTHESIS IN LIVER 
AND STOMACH DURING STRESS ULCERATION.
The U n iv e r s i t y  o f  Oklahoma, Ph .D . ,  1973 
Physiology




THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
CHANGES IN HEXOSAMINE SYNTHESIS IN LIVER 
AND STOMACH DURING STRESS ULCERATION
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
In p a r t i a l  f u l f i l l m e n t  o f  t h e  requ irements  f o r  the
degree of  
DOCTOR OF PHILOSOPHY
BY
LINDA DIAN SANDER 
Oklahoma C i ty ,  Oklahoma 
1973
CHANGES IN HEXOSAMINE SYNTHESIS IN LIVER 




I want to  take t h i s  o p p o r tu n i ty  to  thank the  f a c u l t y  of  the  
Department o f  Physiology and Biophys ics  o f  the U n ive rs i ty  o f  Oklahoma 
f o r  t h e i r  a s s i s t a n c e  dur ing  th e  cou rse  o f  my g radua te  s t u d i e s .
I am p a r t i c u l a r l y  indebted  t o  Dr. A. M. Chandler ,  Department of  
Biochemis try and Molecular  Biology,  U n iv e r s i ty  o f  Oklahoma, and Dr. L.
R. (Johnson, Department of  Physiology and Biophys ics,  U n iv e r s i t y  o f  
Oklahoma and Program in  Physio logy,  U n iv e r s i ty  o f  Texas Medical School 
a t  Houston,  f o r  t h e i r  t e c h n i c a l ,  f i n a n c i a l  and moral s u p p o r t .
A pprec ia t ion  i s  extended t o  Dr. Chadwick Cox, Department o f  
Biochemis try  and Molecular  Biology f o r  the  use o f  his  P o ly t ron  homogen- 
i z e r  and t o  Dr. M.J. Keyl, Dr. A.K. Weiss,  and Dr. Robert Person,  who 
with Dr. A. M. Chandler and Dr. L. R. Johnson, served as a read ing  
committee f o r  t h i s  d i s s e r t a t i o n .
I a l s o  want to  thank Mrs. E i leen  Spain,  Mrs. Cornel Chang and 
Miss Barbara Evans f o r  t h e i r  a s s i s t a n c e  in the f i n a l  p r e p a r a t i o n  o f  t h i s  
d i s s e r t a t i o n .
Specia l  thanks goes to  my fam i ly  fo r  t h e i r  suppor t  and t h e i r  
company in  the  lab  when my presence  was requ i red  th e re  in t h e  middle of  
the  n i g h t .  L a s t l y ,  I want to  thank my husband, Sandy, f o r  h is  pa t i e n c e  





LIST OF ILLUSTRATIONS..................................................................................................... vi
Chapter
I .  INTRODUCTION ..................................................................................................  1
I I .  MATERIALS AND METHODS....................................................................................25










1. The Ef fec t  o f  Three Hour Cold-Im mobil iza t ion
on Glucosamine Synthe tase  S p e c i f i c  A c t i v i t y ........................................ 46
2.  The E f fec t  o f  Three Hour Cold- Immobi l izat ion
S t re s s  on Glucosamine S yn the tase  S p e c i f i c  
A c t i v i t y  in Stanley-Gumbreck and Sprague- 
Dawley R a t s ............................................................................................................... 48
3. The E f fe c t  of  I k  Hours Cold-Immobi l iza t ion
S t re s s  on Glucosamine S yn the tase  S p e c i f i c
A c t i v i t y ....................................................................................................................50
4.  The E f f e c t  of  Three Hour Cold-Im mobil izat ion
S t r e s s  on UDPAH Tissue  L ev e ls ....................................................................... 54
5. The E f fec t  of  C e l i t e ,  Acid and B uf fe r ,  pH 2 . 5 ,
on Glucosamine Synthe tase  S p e c i f i c  A c t i v i t y .........................................70
LIST OF ILLUSTRATIONS 
Figure  Page
1. Pathway o f  Hexosamine S y n th es i s  .................................................................  21
2. Glucosamine Synthe tase  A c t i v i t y
Incubat ion  T i m e ...................................................................................................38
3. Glucosamine Synthe tase  A c t i v i t y  ys_.
Volume o f  Enzyme Source .............................................................................. 39
4.  G a s t r i c  Fundic Mucosal N -ace ty la se  A c t i v i t y
vs .  Concent ra t ion  o f  Assay Components .............................................. 41
5. L ive r  N -ace ty lase  A c t i v i t y  C oncen t ra t ion
o f  Assay Components ....................................................................................... 42
6. N -ace ty la se  A c t i v i t y  v£.  Incuba t ion  Time................................................ 43
7. N -ace ty la se  A c t i v i t y  v£.Volume o f  Enzyme S o u r c e ...................................44
8.  E f f e c t  of  Cold-Immobil izat ion S t r e s s  on Glucosamine
Synthetase  A c t i v i t y -  L i v e r ............................................................................ 52
9.  E f f e c t  o f  Cold-Immobi l izat ion S t r e s s  on Glucosamine
Synthetase  A c t i v i t y -  G a s t r i c  Fundic Mucosa ................................  53
10. D i s t r i b u t i o n  of  Glucosamine-l-C^^ in  th e  Acid -Soluble
Hexosamine In te rm ed ia te s  of  L ive r  T i ssue  o f  Control  R a t s .  . 55
11. D i s t r i b u t i o n  of  Glucosamine-1-C^^ in  t h e  A cid -Soluble
Hexosamine In te rm ed ia te s  o f  L ive r  T issue  from
Three Hour Cold-Immobil iza t ion  S t r e s s e d  Rats  ............................  56
12. D i s t r i b u t i o n  of  G l u c o s a m i n e - 1 -CT4 in th e  Acid -Soluble
Hexosamine In te rm ed ia te s  o f  G a s t r i c  Fundic
Mucosal T i s s u e ....................................................................................................... 57
13. E f f e c t  o f  Cold-Immobil izat ion S t r e s s  on Glucosamine
Synthetase  A c t i v i ty  i n  Adrenalectomized  R a t s -  L iv e r  . . . .  60
14. E f f e c t  o f  Cold-Immobi l iza t ion S t r e s s  on Glucosamine
S ynthetase  A c t i v i t y  i n  Adrenalectomized  Rats-
G a s t r i c  Fundic Mucosa ..................................................................................  61
vi
LIST OF ILLUSTRATIONS 
Figure  Page
15. E f f e c t  of  Cold-Immobil iza t ion  S t r e s s  on
Glucosamine S y n th e ta s e  A c t i v i t y  in
Atrop in ized  R a t s ................................................................................................63
16. E f f e c t  of  H ydrocor t i sone  on Glucosamine
Synthetase  A c t i v i t y  in Liver and G a s t r i c  T i s s u e ............................ 65
17. E f f e c t  of  H ydrocor t i sone  on N-Acetylase A c t i v i t y
in Liver  and G a s t r i c  T i s s u e ......................................................................... 66
18. E f f e c t  o f  ETOH on Glucosamine Synthe tase  A c t i v i t y
in L iver  and G a s t r i c  T i s s u e ......................................................................... 68
19. E f f e c t  o f  ETOH on N-Acetylase A c t i v i t y  in
L iver  and G a s t r i c  T i s sue  ......................................................................... 69
20. E f f e c t  o f  Sodium S a l i c y l a t e  on Glucosamine S yn the tase
A c t i v i t y -  G a s t r i c  Fundic Mucosa....................................................72
21. E f f e c t  o f  Sodium S a l i c y l a t e  on N-Acetylase
A c t i v i t y -  G a s t r i c  Fundic Mucosa....................................................73
22. E f f e c t  of  Sodium S a l i c y l a t e  on Glucosamine Syn the tase
A c t i v i t y -  L i v e r .................................................................................................... 74
23. E f f e c t  o f  Sodium S a l i c y l a t e  on N-Acetylase
A c t i v i t y -  L i v e r .................................................................................................... 75
v i i
CHANGES IN HEXOSAMINE SYNTHESIS IN LIVER 
AND STOMACH DURING STRESS ULCERATION
CHAPTER I 
INTRODUCTION
The ques t ion  "Why d o e s n ' t  the  stomach d i g e s t  i t s e l f  dur ing  
l i f e ? "  was f i r s t  addressed  by John Hunter in 1772 (1 ) .  Although 
thousands o f  i n v e s t i g a t i o n s  have been d i r e c t e d  toward solv ing t h i s  
mystery in the ensuing two hundred y ea r s  and many f a c t s  have been e s t a b ­
l i s h e d ,  a t  the p r e s e n t  time the  ques t ion  remains e s s e n t i a l l y  unanswered. 
The d i f f i c u l t y  l i e s  in the f a c t  t h a t  t h e r e  i s  no one simple ex p la n a t io n  
b u t  r a t h e r  a m u l t i p l i c i t y  o f  i n t e r a c t i n g  and overlapping  phenomena.
The purpose of  t h i s  i n v e s t i g a t i o n  was to  examine one small f a c e t  o f  t h i s  
very  wide- reaching  q u e s t i o n ,  t h a t  i s ,  the  p o s s i b l e  involvement of  
changes in hexosamine s y n th e s i s  in the  u lc e rogen ic  process .
A B r ie f  H is to ry  o f  Ulcer  I n v e s t i g a t i o n  
Hunter ,  in a r e p o r t  to  the  Royal S o c ie ty ,  suggested t h a t  an 
unknown " l i v i n g  p r in c i p l e "  when possessed by animals or  animal p a r t s  
enabled th e se  t i s s u e s  to  r e s i s t  g a s t r i c  d ig e s t i o n  (1 ) .  Thus u n t i l  
C r u v e i l h i e r  (2 ) ,  in 1829 and Beaumont (3 ) ,  in 1833, descr ibed  the  
occurrence  of  p e p t i c  u l c e r a t i o n  in l i v i n g  t i s s u e  l i f e  i t s e l f  or  some 
p ro p e r ty  t h e r e o f  was thought  to  be the p r o t e c t i v e  agen t .  Final
1
2
r e fe ren c e  t o  th e  importance o f  a " l i v i n g  p r i n c i p l e "  r e s u l t e d  from 
Claude B e rn a rd ' s  famous f rog  experiment of  1856 (4 ) .  Bernard placed 
the leg  o f  a l i v i n g  f rog  in a dog 's  stomach and observed t h a t  a f t e r  
only f o r t y - f i v e  minutes cons ide ra b le  d i g e s t i o n  had occurred .  However, 
s in ce  h is  own f i n g e r  was not  damaged by i n s e r t i n g  i t  in the dog's  stom­
ach ,  Bernard hypothesized  t h a t  d ig e s t i o n  of  t h e  l i v i n g  stomach wall was 
prevented by the  a b i l i t y  o f  the  mucosal e p i th e l iu m  and mucus to  block 
the  abso rp t io n  of  peps in .
This th e o ry  was soon chal lenged by s e v e ra l  i n v e s t i g a t o r s  who 
c i t e d  th e  p resence  o f  uropepsin  in th e  u r ine  ( 5 ,  6 ) .  Although the 
g a s t r i c  o r i g i n  of  t h i s  enzyme has been e s t a b l i s h e d ,  i t  i s  most l i k e l y  
se c re t e d  d i r e c t l y  i n t o  the  blood,  no t  absorbed from the  g a s t r i c  lumen 
(7 ) .  Support  f o r  Berna rd ' s  hypothes is  was provided  by Northrup who 
demonstrated us ing earthworm, y e a s t  and ameba t h a t ,  indeed,  pepsin was 
not  absorbed by l i v i n g ,  un in ju red  c e l l s  (8) .
Because Bernard had no t  cons idered th e  func t ion  o f  acid in h i s  
system, Frenzel  extended the  i n v e s t i g a t i o n  by suspending a f rog  in such 
a manner t h a t  one leg  was immersed in a 0.2% HCl s o lu t io n  and the o th e r  
in a 0.2% HCl-pepsin s o lu t io n  (9) .  When, a f t e r  one and o n e -h a l f  hours 
only  the  l e g  in  th e  HCl-pepsin s o lu t i o n  showed s igns  of  d i g e s t i o n ,
Frenzel sugges ted  t h a t  the  HCl-pepsin combination led to  t h e  death o f  the  
t i s s u e  and only  a f t e r  dea th  to  d i g e s t i o n .  Thus ,  in a s i m i l a r  manner, 
l i v i n g  g a s t r i c  t i s s u e  should a lso  be d ig e s t e d .
Matthes agreed  with Frenzel as  to  the  importance o f  ac id  but  
main ta ined  t h a t  the  ac id  merely i n ju re d  r a t h e r  than k i l l e d  the t i s s u e  
(10) .  More r e c e n t l y  Drags ted t  demonstrated t h a t  the  concen t ra t ion  of  
the  ac id  was o f  c r i t i c a l  importance (11).
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In c o n t r a s t  t o  Berna rd ' s  emphasis on the  importance o f  the 
su r fa c e  ep i the l ium  in r e s i s t i n g  pep t ic  a t t a c k .  H a r t le y ,  in 1860, 
i n s i s t e d  t h a t  i t  was th e  mucus which Bernard had a l s o  a l lu d e d  t o  t h a t  
was of  major importance (12) .  He demonstrated t h a t  g a s t r i c  t i s s u e  from 
which the  mucus co a t  had been removed was more s u s c e p t i b l e  to  d i g e s t i v e  
a t t a c k  than t i s s u e  r e t a i n i n g  t h e  mucus c o a t .  Subsequent i n v e s t i g a t i o n s  
have shown t h a t  g a s t r i c  mucus i n h i b i t s  p e p t i c  d ig e s t i o n  (13 ) ,  slows the  
r a t e  o f  hydrogen ion d i f f u s i o n  (14) ,  and possesses  some b u f fe r ing  
c a p a c i ty  (15 ) .
Shor t ly  before  B e rn a rd ' s  r e p o r t  on the  importance o f  the s u r ­
face  ep i th e l iu m  and mucus in t h e  p r o t e c t i o n  o f  t h e  stomach t i s s u e ,  
Virchow, a German p a t h o l o g i s t ,  suggested t h a t  i t  was v a s c u l a r  derange­
ment t h a t  led  to u l c e r a t i o n  (16 ) .  His two p a r t  theo ry  was t h a t  reduced 
blood flow l i m i t e d  th e  e x t e n t  o f  n e u t r a l i z a t i o n  o f  g a s t r i c  ac id  by 
blood b u f f e r s  and t h a t  v a s c u la r  occ lus ion  r e s u l t i n g  from spasm, throm­
bos is  or  embolism led to loca l  n e c ro s i s .  Pavy gave suppor t  to  t h i s  
theory  and ques t ioned  the importance of  th e  s u r f a c e  e p i th e l iu m  by 
dem onst ra t ing  t h a t  ac id  from a normally s e c r e t i n g  stomach would no t  
i n t e r f e r e  w i th  the  r ap id  hea l ing  of  a g a s t r i c  l e s i o n  produced by s t r i p ­
ping a p o r t i o n  of  the  g a s t r i c  mucosa away from th e  under ly ing  t i s s u e s  
(17) .  Like Virchow, Pavy a t t r i b u t e d  the  hea l ing  to  the  b u f fe r in g  
c a p a c i ty  of  the blood.  Unknown to the se  i n v e s t i g a t o r s  was th e  f a c t  t h a t  
i n t e r r u p t i o n  of a l l  bu t  a very small f r a c t i o n  o f  t o t a l  g a s t r i c  blood 
f low can be performed without  r e s u l t i n g  in  a u t o d ig e s t i o n  of  th e  g a s t r i c  
wall (18,  19) .  This  i n t e r r u p t i o n  does,  however, s i g n i f i c a n t l y  decrease  
ac id  s e c r e t i o n .
Other e a r l y  t h e o r i e s  o f  g a s t r i c  p r o t e c t io n  inc lude  the  import
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t ance  o f  vagal ba lance  sugges ted  by Rokitansky (20) ,  the abso rp t ion  o f  
d i g e s t i v e  enzymes in t o  t h e  blood b e fo re  they  have th e  o ppo r tun i ty  to  
a t t a c k  the  c e l l s  (2 1 ) ,  and th e  p resence  in th e  mucosa o f  a pepsin  
i n h i b i t o r  (22) .  Of th e se  on ly  th e  f i r s t ,  vagal ba lance ,  i s  cons idered  
t o  be of  importance today.
A r a t h e r  novel approach t o  th e  q u e s t io n  of  g a s t r i c  p r o t e c t i o n  
was suggested by Becahmp who f e l t  t h a t ,  indeed ,  the g a s t r i c  wall was 
c o n s t a n t ly  being d ig e s t e d  but  t h a t  t h e  damage was n o t  n o t i c e a b l e  because 
o f  th e  r a p id  r a t e  of  renewal o f  g a s t r i c  mucosal c e l l s  (23).
The D e f i n i t i o n  o f  Ulcer
One o f  th e  most f r u s t r a t i n g  d i f f i c u l t i e s  encountered  by the 
novice de lv ing  i n t o  the l i t e r a t u r e  on u lc e ro g e n e s i s  i s  the t o t a l  lack 
o f  a u n i v e r s a l l y  accepted  system o f  d e f i n i t i o n s  of  commonly employed 
te rminology .  In o rd e r  t o  i l l u s t r a t e  the  e x t e n t  of  the  con fus ion .  Ivy,  
in  h is  book P e p t i c  U lc e r , l i s t e d  f o u r t e e n  commonly encountered  d e f i n i ­
t i o n s  o f  th e  word u l c e r  (24) .  To s im p l i f y  the  problem he sugges ted  the  
fo l lowing d e f i n i t i o n s :
1. An e ro s ion  i s  a c i rcum scr ibed  mucosal d e f e c t  which
does n o t  p e n e t r a t e  t h e  m u s cu la r i s  mucosae.
2.  An u l c e r  i s  a c i rcum scr ibed  d e f e c t  which extends
through th e  m uscu la r i s  mucosae. . .
3.  A p e p t i c  u l c e r  i s  a ben ign ,  n o n s p e c i f i c  u lc e r  
lo c a te d  in those  p o r t i o n s  o f  th e  a l im e n ta ry  t r a c t  bathed 
by g a s t r i c  j u i c e .
Only the f i r s t  o f  the se  t h r e e  d e f i n i t i o n s  i s  s t r i c t l y  adhered to .
In most i n s t a n c e s  u l c e r a t i o n  o f  t h e  upper g a s t r o i n t e s t i n a l  
t r a c t  i s  d iv ided  i n t o  two broad c a t e g o r i e s ,  p e p t i c  u l c e r a t i o n  and 
s t r e s s  u l c e r a t i o n .  Pep t i c  u l c e r a t i o n  r e f e r s  to  chron ic  or  p o t e n t i a l l y  
c h r o n i c , l o c a l i z e d ,  p e n e t r a t i n g  l e s i o n s  which may or may no t  p e r f o r a t e .
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P e p t i c  u l c e r s  may occur  in e i t h e r  the  stomach o r  the  duodenum. The 
l e s i o n s  g e n e r a l ly  occur  spontaneously  and th e  p re s en t in g  symptom i s  pain .  
In some in s ta n c e s  p e p t i c  u l c e r s  are r e f e r r e d  to  as acu te  l e s i o n s .  This 
term r e f e r s  not only  to  the  du ra t io n  o f  u l c e r a t i o n  but a l s o  t o  t h e  lack 
o f  e x t e n s i v e  connec t ive  t i s s u e  i n f i l t r a t i o n .  The causes o f  p e p t i c  
u l c e r a t i o n  a re  not  known but  h y p e r s e c r e t io n  i s  f r e q u e n t ly  observed .
S t r e s s  u l c e r a t i o n ,  on the o t h e r  hand,  g e n e ra l ly  r e f e r s  to  
a c u t e ,  d i f f u s e ,  n o n -p e n e t r a t i n g  and n o n - p e r f o r a t i n g  l e s i o n s  which heal 
r a p i d l y  and withou t  s c a r r i n g .  The p r e c i p i t a t i n g  f a c t o r s  involved  in 
s t r e s s  u l c e r a t i o n  a r e  u s u a l ly  immedia tely obvious and inc lude  s u rg ic a l  
and t r a u m a t i c  s t r e s s  o r  the  a d m i n i s t r a t i o n  o f  pharmacological  agen ts  
w i th  known u l c e ro g e n ic  p o t e n t i a l .  The p r e s e n t i n g  symptom o f  s t r e s s  
u l c e r a t i o n  i s  u s u a l l y  massive hemorrhage.  In some in s ta n c e s  hemorrhage 
may occur w i th o u t  t h e  presence of  r e c o g n iz a b le  l e s i o n s .  Other  t e rm in ­
ology sometimes used synonymously with  s t r e s s  u l c e r a t i o n  inc luded  acu te 
g a s t r i c  u l c e r a t i o n ,  acu te s u p e r f i c i a l  u l c e r a t i o n ,  hemorrhagic g a s t r i t i s ,  
s t r e s s  e r o s i o n ,  massive upper g a s t r o i n t e s t i n a l  hemorrhage,  a cu te  
mucosal u l c e r a t i o n  and d i f f u s e  acu te  o r  d i f f u s e  s u p e r f i c i a l  mucosal 
u l c e r a t i o n .
The d i f f i c u l t y  with  d e f i n i t i o n s  r e s u l t s  in p a r t  from th e  f a c t  
t h a t  some pharmacological  agents  may cause  e i t h e r  p e p t i c  o r  s t r e s s  
u l c e r a t i o n .  A d d i t i o n a l l y ,  some au tho rs  s e p a r a t e  a l l  l e s i o n s  though t  to 
be induced pharm aco log ica l ly  i n t o  a ca t e g o ry  a l l  o f  t h e i r  own and 
c o n s id e r  s t r e s s  u l c e r a t i o n  to  be only  those  l e s i o n s  r e s u l t i n g  from 
s u r g i c a l  or  t r a u m a t ic  s t r e s s .
Were i t  known t h a t  a l l  types  o f  l e s i o n s  had s i m i l a r  ph y s io lo g ­
i c a l  mechanisms,  t h e  confusion  over t h e  d e f i n i t i o n s  would be unim portan t
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b u t  u n fo r tu n a t e ly  t h a t  i s  no t  the case .  In f a c t ,  in many in s ta n c e s  a 
s p e c i f i c  parameter  such as g a s t r i c  s e c r e t i o n  may be in c re ased  in  one 
i n s t a n c e  and decreased in ano the r  by th e  same a g e n t  (25) .
Unless s p e c i f i c a l l y  noted o th e rw is e ,  a l l  u l c e r a t i o n  r e f e r r e d  
t o  in  t h e  remainder of t h i s  i n v e s t i g a t i o n  r e p o r t  w i l l  be s t r e s s  u l c e r a ­
t i o n .  Furthermore ,  t h i s  term sh a l l  be used to mean a c u t e ,  d i f f u s e ,  
hemorrhagic l e s io n s  involv ing  only t h e  mucosal l a y e r  o f  the  stomach 
w a l l .  I t  w i l l  inc lude  both r e s t r a i n t -  and pharmacolog ica l ly - induced  
l e s i o n s .  The l e s i o n s  w i l l  be l i m i t e d  t o  th e  g a s t r i c  fund ic  mucosa.
The E t io logy  of  S t r e s s  U lce ra t io n
The f i r s t  r e p o r t  o f  s t r e s s  u l c e r a t i o n  was probably  t h a t  o f  
Beaumont in  1833 (3 ) .  He descr ibed  th e  g a s t r i c  mucosa o f  h i s  g a s t r i c  
f i s t u l o u s  p a t i e n t  Alexis  S t .  Martin a f t e r  the  l a t t e r  had consumed 
ex c e ss iv e  amounts o f  a l c o h o l .  Nine y e a r s  l a t e r  Cur l ing  r e p o r te d  on four  
cases  o f  duodenal u l c e r  fo l lowing  e x t e n s i v e  burns (26).  Since t h a t  time 
th e  term Cur l ing  u l c e r  has been used t o  r e f e r  to  any acu te  g a s t r i c  o r  
duodenal l e s i o n s  o c c u r r in g  in burn p a t i e n t s .  The repo r ted  in c idence  of  
Cur l ing  u l c e r  v a r i e s  widely  (27,  28) .  This i s  probably  due both to  
d i f f e r e n c e s  in the  c l a s s i f i c a t i o n  o f  p a t i e n t s  and the  s e v e r i t y  of  t h e i r  
i n j u r i e s ,  and to  t h e  f a c t  t h a t  the l e s i o n s  may be asymptomatic.  Based 
on s tu d i e s  using dogs ,  F re i s en  a t t r i b u t e d  Cur l ing  u l c e r a t i o n  t o  an 
i n i t i a l  l o s s  o f  plasma p r o t e i n  fo l lowed  by hypovolemia,  hemoconcentra-  
t i o n ,  v a s o c o n s t r i c t i o n  and shock (29) .  Chernov e t  ^  r e p o r te d  
sh a rp ly  decreased serum vi tamin  A l e v e l s  in  28 o r  35 s e v e re ly  burned 
p a t i e n t s  (28) .  In a c o n t r o l l e d  study us ing  b u rn ,  trauma and p o s t ­
op e ra t iv e  p a t e i n t s ,  p a r e n t e r a l  a d m in i s t r a t i o n  o f  vi tamin  A in doses
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s u f f i c i e n t  to  r e tu r n  serum l e v e l s  to  normal decreased the in c idence  o f  
s t r e s s  u l c e r a t i o n  by 50%.
A high in c idence  o f  s t r e s s  u l c e r a t i o n  has a l s o  been r e p o r te d  to 
fo l low  va r io u s  types  o f  n eu rosu rge ry ,  i n t r a c r a n i a l  l e s i o n s  and head 
trauma (30-32) .  Because r e p o r t s  on l e s i o n s  of  t h i s  type were f i r s t  
reviewed by Cushing in  1932, the  l e s io n s  of  t h i s  type are r e f e r r e d  to  as 
Cush ing 's  u l c e r s  (33) .  The m o r t a l i t y  a s s o c i a t e d  with  these  l e s i o n s  i s  
high (27) .
Many i n v e s t i g a t o r s  have produced g a s t r i c  l e s i o n s  in  experimental  
animals by s t im u l a t i o n  o r  a b l a t i o n  of  va r ious  b ra in  s t r u c t u r e s ,  p a r t i c u ­
l a r l y  th e  hypothalamus (34 -36 ) .  Leonard e t  al_^ found t h a t  low frequency  
s t im u l a t i o n  o f  the  a n t e r i o r  hypothalamus caused increased  g a s t r i c  
s e c r e t i o n ,  inc reased  g a s t r i c  and mesen te r ic  blood flow and decreased  
systemic blood p r e s s u re  (34) .  These changes were vaga l ly  media ted .  High 
f requency s t im u l a t i o n  led  t o  i n h i b i t i o n  o f  ac id  s e c r e t i o n  presumably by 
a spread  o f  s t im u la t i o n  to  th e  p o s t e r i o r  hypothalamus.  In c o n t r a s t ,  
s t im u l a t i o n  o f  the  p o s t e r i o r  hypothalamus did not  i n i t i a t e  ac id  s e c r e ­
t i o n  but  r a t h e r  led  t o  i n h i b i t i o n  of h i s ta m in e -s t im u la te d  s e c r e t i o n ,  
decreased  blood f low in th e  stomach and inc reased  systemic blood 
p r e s s u r e .  G a s t r i c  l e s i o n s  were produced by a n t e r i o r  hypothalamic s t i m ­
u l a t i o n  and p o s t e r i o r  hypothalamic a b l a t i o n .  A d d i t i o n a l ly ,  al though 
s t im u la t io n  o f  both reg ions  inc re ased  mucus p roduc t ion ,  the s e c r e t i o n  
fo l lowing  p o s t e r i o r  s t i m u l a t i o n  was th i c k  with much v i s i b l e  mucus and 
high s i a l i c  ac id  c o n te n t  w h i le  t h a t  fo l lowing a n t e r i o r  s t im u la t i o n  was 
s c a n t  and th i n .  These changes in  mucus product ion occurred only in 
v a g a l ly  in ne rva ted  pouches.  Lucas e t  a l . a l so  demonstrated a r e l a t i o n ­
sh ip  between mucus c o n te n t  and s t r e s s  u l c e r a t i o n  (32) .  Thi r teen  of
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tw en ty - f ive  in ju r e d  p a t i e n t s  developed b leed ing u l c e r s .  PAS s t a i n i n g  
( fo r  ne u t ra l  g ly c o p ro t e in s )  was decreased  in  bu t  no t  around the  l e s i o n s .
In a d d i t io n  to  CNS r e l a t e d  s u rg e ry ,  g a s t r o i n t e s t i n a l  b leed ing  
has been r ep o r te d  to  fo l low  e sophagea l ,  g a s t r i c ,  c o l o n i c ,  c a r d i a c ,  
u ro lo g i e ,  o r thoped ic  and p e r ip h e ra l  v a s c u la r  s u rge ry  (37) .  Although 
vagotomy and p y lo r o p l a s ty  i s  cons idered  th e  ope ra t io n  o f  choice i f  
su rg ica l  management becomes necessa ry  (38,  39) ,  i t  i s  i n t e r e s t i n g  t h a t  
several  cases  o f  s t r e s s  u l c e r a t i o n  have been r e p o r te d  fo l lowing esophagec­
tomy when the  vagi were obvious ly  s e c t i o n e d  (37,  40) .
The m o r t a l i t y  o f  s t r e s s  u l c e r a t i o n  fo l lowing trauma and surgery  
i s  probably most c l o s e l y  r e l a t e d  to  the  con d i t io n  o f  t h e  p a t i e n t  and 
the  a s s o c ia t e d  i l l n e s s  (39) .  Since th e se  p a t i e n t s  a r e  bad s u rg ic a l  
r i s k s  c o n s e rv a t iv e  t r e a tm e n t  in c lu d in g  blood t r a n s f u s i o n s  a re  normally 
at tempted f i r s t .
Considering t h e  well-known u lce rogen ic  p o t e n t i a l  o f  adreno- 
c o r t i c o i d s ,  the  r e c e n t l y  rep o r te d  t r e a tm e n t  o f  s t r e s s  u l c e r a t i o n  using 
massive doses o f  dexamethasone seems paradoxica l  (41) .  Proudfoot  e t  a l .  
s u c c e s s f u l l y  t r e a t e d  e leven  o f  fo u r t e e n  s t r e s s  u l c e r  p a t i e n t s ,  a l l  
bleeding mass ive ly ,  with  in t r a v e n o u s ly  adm in is te red  dexamethasone.
These au thors  sugges ted  t h a t  the b e n e f i c i a l  e f f e c t  of  dexamethasone was 
due to inc re ased  sp lanchn ic  blood f low and preven t ion  o f  the  r e l e a s e  
o f  l y t i c  enzymes from lysosomes. S te ro id s  a l so  have b e n e f i c i a l  e f f e c t s  
on p l a t e l e t  f unc t ion .
Atik  e t  al_^ have a l s o  sugges ted  th e  importance of  p l a t e l e t  
func t ion  in  s t r e s s  u l c e r a t i o n  (42) .  In a s tudy  o f  27 p a t i e n t s  with  
massive g a s t r i c  hemorrhage fo l lowing  s e p s i s ,  burn ,  su rgery  o r  a s p i r i n ,  
p l a t e l e t  aggrega t ion  and adhes iveness  were s i g n i f i c a n t l y  reduced.
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Although th e se  changes in p l a t e l e t  fu n c t io n  would not  of  themselves  
cause b l e e d in g ,  the y  would c o n t r i b u t e  t o  the  magnitude and p e r s i s t e n c e  
o f  the b leed ing .
A number o f  pharmacological  agen t s  have been shown to  cause 
s t r e s s  u l c e r a t i o n  when admin is te red  in t h e r a p e u t i c  doses .  These inc lude  
v a s o p r e s s in ,  norep inephr ine  (43 ) ,  h is tam ine  ( 4 4 ) ,  phenylbutazone ( 4 5 ) ,  
c o r t i s o n e  (46) ,  r e s e r p i n e  (47) ,  and s a l i c y l a t e s  (48) .  Alcohol has 
a l s o  been a s s o c i a t e d  with s t r e s s  u l c e r a t i o n  (49) .
The most common drug- induced l e s i o n  seen in humans i s  t h a t  
caused by a s p i r i n  o r  one o f  the  many s a l i c y l a t e - c o n t a i n i n g  compound 
drugs .  The i n i t i a t i o n  o f  b leed ing in p e p t i c  u l c e r a t i o n  i s  a l s o  o f t e n  
a t t r i b u t e d  t o  s a l i c y l a t e  consumption.  According to C r o f t  e t  a l .  80% 
o f  the  genera l  popu la t ion  are  s e n s i t i v e  to  a s p i r i n  and lo s e  2-10 ml o f  
blood p e r  day dur ing  ora l  a s p i r i n  consumption in t h e r a p e u t i c  doses (50).  
Ten per c e n t  of  t h e  popula t ion  a re  not  s e n s i t i v e  to t h e  drug and the  
remaining 10% are  h igh ly  s e n s i t i v e ,  l o s in g  in excess o f  10 ml of  blood 
per  day. A number o f  o th e r  i n v e s t i g a t i o n s  have a l s o  shown in c re a s e d  
g a s t r i c  b leed ing  and the  appearance o f  o c c u l t  blood i n  t h e  s to o l  f o l l o w ­
ing oral  s a l i c y l a t e  a d m in i s t r a t io n  (51-53) .  In travenous  s a l i c y l a t e  
a p p a re n t ly  does n o t  have t h i s  e f f e c t  (54-55) .
The form in  which the  s a l i c y l a t e  compounds a r e  consumed i s  
repo r ted  to  e f f e c t  no t  only the  r a t e  o f  ab so rp t ion  and g a s t r i c  emptying 
bu t  a l so  th e  s e v e r i t y  of  g a s t r i c  blood lo s s  and the  i n c id e n c e  o f  s t r e s s  
u l c e r a t i o n .  Levy and Hayes concluded t h a t  a d m i n i s t r a t i o n  o f  whole 
a s p i r i n  t a b l e t s  in c re ased  the  s e v e r i t y  o f  mucosal damage and delayed  the 
r a t e  o f  drug a b so rp t ion  while a s o l u t i o n  o f  the  powdered drug in w a te r  
caused only  minimal damage (56).  Sodium s a l i c y l a t e  and s o l u b l e  a s p i r i n s
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were absorbed more r a p i d l y  than a s p i r i n  and caused s i g n i f i c a n t l y  l e s s  
blood loss  (51,  57 ) .  Buffered (pH 7 .0 )  a s p i r i n  s o l u t i o n s  were emptied 
f a s t e r  and were absorbed  more slowly  than unbuffe red  (pH 2 .8 )  s o lu t i o n s  
(58) .  This l a t t e r  f a c t  can be p r e d i c t e d  s in c e  a s p i r i n ,  with  a pK^ o f  
3 . 5 ,  i s  91% nonion ized  and th e r e f o r e  more f a t  s o l u b l e  a t  pH 2 . 5 ,  but 
91% ionized and thus  l e s s  a v a i l a b l e  f o r  ab s o rp t io n  a t  pH 4 .5  (57).
I t  has been sugges ted  t h a t  in  a d d i t i o n  t o  enhanc ing th e  abso rp ­
t i o n  o f  a s p i r i n ,  a c i d  must be p r e s e n t  in o rd e r  f o r  a s p i r i n  to  induce 
s t r e s s  u l c e r a t i o n .  Using denerva ted  pouch dogs Davenport demonstra ted 
t h a t  i r r i g a t i o n  o f  th e  pouches with  a s o l u t i o n  c o n t a in in g  20 ntfl a s p i r i n  
and 100 mM HCl caused g a s t r i c  mucosal damage (59) .  Sodium and potassium 
ions en te red  the  lumen and hydrogen ions  back d i f f u s e d  i n t o  th e  mucosa. 
He hypothesized t h a t  a s  a r e s u l t  o f  a s p i r i n  a b s o r p t i o n  th e  mucosa became 
abnormally permeable t o  water  s o lu b l e  compounds and ions and t h a t  h i s t a ­
mine was l i b e r a t e d  which in  t u r n  inc reased  c a p i l l a r y  p e rm e a b i l i ty .  
T h e r e a f t e r  plasma p r o t e i n s  leaked from th e  i n t e r s t i t i a l  spaces  and 
c a p i l l a r i e s  and presumably peps in  en te red  th e  mucosa. As a f i n a l  e v e n t ,  
hemorrhage o c c u r re d .  In c o n t r a s t ,  i f  t h e  a s p i r i n  was adm in is te red  in a 
n e u t ra l  s o l u t i o n  ion f l u x e s  were no t  a l t e r e d  and b leed ing  d id  not  occur .  
A s o lu t i o n  c o n t a in in g  a s p i r i n  and 1 or  10 mmoles HCl a l t e r e d  ion ic  
f lu x e s  but  d id  not  cause b leed ing  (60).
Support f o r  t h i s  hypothesi s  was provided by Johnson who demon­
s t r a t e d  t h a t  s a l i c y l i c . a c i d  p lus  100 mM HCl o r  a c e t i c  ac id  inc reased  
g a s t r i c  j u i c e  h i s t a m in e  co n te n t  and decreased  t i s s u e  h i s tam ine  con ten t  
in  p y l o r i c - l i g a t e d  r a t s  (61) .  High ac id  c o n c e n t r a t i o n s  have a l so  been 
shown to i n c re a s e  peps in  s e c r e t i o n  in  denerva ted  pouch dogs (62) .  
Fur thermore ,  vagotomy and a n t i c h o l i n e r g i c s  which reduce  a c id  s e c r e t i o n
n
a l s o  reduce the damaging e f f e c t s  o f  a s p i r i n  (63-64).  However, f i v e  t imes 
as much a t ro p in e  s u l f a t e  i s  r e q u i r e d  to cause a 50% d e c re a se  in  u l c e r a ­
t i o n  as i s  needed to  cause  a 50% decrease  in  ac id  o u tp u t .
Reduced ac id  s e c r e t i o n  commonly seen a f t e r  a s p i r i n  a d m i n i s t r a ­
t i o n  could be due to  inc reased  a c id  b a c k -d i f fu s io n .  However, us ing  a 
g ly c in e  in fu s ion  to  t r a p  spon taneous ly  s ec re ted  HCl Brodie e t  a l . demon- 
s t r a t e d  t h a t  the decreased  s e c r e t i o n  was no t  due to  hydrogen ion  back 
d i f f u s i o n  (64) .  A d d i t i o n a l l y ,  Narumi e t  al_^ e f f e c t i v e l y  blocked a s p i r i n -  
induced u l c e r a t i o n  with  th i o c y a n a t e  d es p i t e  an i n c re a s e  in a c i d  back- 
d i f f u s i o n  when both drugs were admin is te red  s im u l taneous ly .  Thiocyanate  
a lone  caused ac id  b a c k -d i f fu s i o n  bu t  not  s t r e s s  u l c e r a t i o n  (65 ) .  A sp i r in  
has been used to  induce u l c e r a t i o n  in the  jejunum and i leum where t h e r e  
i s  no ac id  a v a i l a b l e  f o r  b a c k -d i f fu s io n  (66).
In a d d i t io n  to  ac id  and h is tamine e f f e c t s  o f  a s p i r i n ,  t h i s  drug 
has been shown to  a l t e r  the  g a s t r i c  mucosa in  s e v e ra l  o t h e r  ways. Geall 
e t  a l .  observed a r ap id  decrease  in  mucosal p o t e n t i a l  d i f f e r e n c e  in men 
fo l lowing a s p i r i n  a d m in i s t r a t i o n  (67).  This  d e c r e a s e ,  which i s  i n d i c a ­
t i v e  of  mucosal damage, cont inued  f o r  a t  l e a s t  one hour.  Johansson e t  
a l . demonstrated a d ec rease  in PAS s t a i n in g  ( f o r  g l y c o p r o t e i n s )  o f  
g a s t r i c  mucosa and an i n i t i a l  in c re a s e  and subsequent  d e c re a se  in mucus 
co n te n t  of  r a t  g a s t r i c  j u i c e  fo l lowing  a s p i r i n  a d m in i s t r a t i o n  (68,  69) .  
The mucus s e c r e t e d  du r ing  the pe r iod  o f  low mucus o u tp u t  had a low 
s i a l i c  ac id  con ten t  and an in c re ased  f r e e  ac id  c o n c e n t r a t i o n .  This 
cou ld  in d ic a te  e i t h e r  inc reased  mucus breakdown or d e f e c t i v e  mucus syn­
t h e s i s .  Menguy e t  a l . made s i m i l a r  observa t ions  in  r a t s  and dogs except  
t h a t  the i n i t i a l  i n c r e a s e  in mucus s e c r e t io n  seen by Johansson e t  a l . 
d id  not occur (70).
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Max e t  a l .  demonstra ted t h a t  a s p i r i n  i n c re a s e d  c e l l u l a r  e x f o l i a ­
t i o n  in dene rva ted  pouch dogs but  had no e f f e c t  on c e l l  renewal (71).  
These au th o rs  sugges ted  t h a t  the  inc reased  r a t e  o f  c e l l u l a r  e x f o l i a t i o n  
might have been due to a l t e r e d  mucopolysaccharides  l ead ing  to  decreased 
c e l l u l a r  adhes ion  and a reduced mucus l i n i n g .
Although e thano l  alone i s  no t  thought  to cause  s t r e s s  u l c e r a t i o n ,  
i t  does i n c r e a s e  t h e  damaging e f f e c t s  o f  a s p i r i n  (7 2 ) .  That ethanol does 
damage th e  mucosal i n t e g r i t y  i s  demonstra ted by t h e  f a c t  t h a t  mucosal 
p o t e n t i a l  d i f f e r e n c e  i s  decreased fo l lowing  e thano l  consumption in men 
(67) .  The e f f e c t  o f  e thano l  on ac id  b a c k -d i f fu s i o n  i s  undecided.
Neither  Schne ider  e t  a l . nor Smith e t  a l . demonst ra ted  increased  acid 
b a c k -d i f fu s i o n  in  humans fo l lowing ethanol  a d m i n i s t r a t i o n  but  both 
observed in c re a s e d  K"*" f l u x  in to  the  lumen and Smith e t  a l . measured 
inc reased  Na"*" f l u x e s  i n t o  the  lumen (73,  74) .  In c o n t r a s t ,  in  denerva­
ted  pouch dogs in c re a s e d  ac id  b a c k -d i f fu s io n  was observed  (75) .  Ethanol 
a l s o  decreased  PAS s t a i n i n g  in the  g a s t r i c  mucosa o f  the se  dogs.
The e f f e c t s  of  a d r e n o c o r t i c o id s  on the  g a s t r i c  mucosa are of  
dual importance .  F i r s t ,  th e se  agents  a re  known to  cause s t r e s s  u l c e r a ­
t i o n  when adm in is te re d  t h e r a p e u t i c a l l y .  Second, a d ren o c o r t ico id s  have 
been im p l ic a ted  in p e p t i c  u l c e r a t i o n .
The mechanism o f  u l c e r  p roduction  dur ing  s t e r o i d  adm in is t ra t ion  
i s  not c l e a r .  The ro l e  of  acid in t h i s  process  i s  p a r t i c u l a r l y  complex. 
ACTH, c o r t i s o n e ,  hyd roco r t i sone  and prednisone  have been observed to 
i n c r e a s e ,  decrease  and have no e f f e c t  on ac id  and peps in  se c re t io n  in 
men and exper imenta l  an imals (76-81).  Mucus s e c r e t i o n  i s ,  however, 
c o n s i s t e n t l y  decreased  in v i s c o s i t y  and uropeps in  s e c r e t i o n  i s  increased  
in both man and animals (76,  78, 81 ) .  The com plexity  of  the ac id -
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pepsin ques t ion  i s  in c re ased  by the f a c t  t h a t  s t e r o i d - i n d u c e d  u lc e r s  
w i l l  heal comple te ly  with  a n t a c id  t r ea tm e n t  w i thou t  d i s co n t in u in g  
s t e r o i d s  (25) .
The r e p o r te d  e f f e c t s  o f  the adrena l  system on mucus c o n te n t  and 
s e c r e t i o n  a l s o  vary .  Bremen e t  aL_ found t h a t  c o r t i s o n e  a c e t a t e  i n ­
c reased  the  s e c r e t i o n  o f  g lycop ro te in s  by denerva ted  a n t r a l  pouch dogs
(82) .  Comparing s u l f a t e  uptake and PAS s t a i n i n g ,  Lev e t  a l . found 
increased  mucus c o n te n t  in g a s t r i c  f i s t u l a  dogs fo l low ing  predn iso lone
(83).  Dickson e t  al_^ saw no rep roduc ib le  e f f e c t  on s e c r e t e d  mucus from 
denerva ted canine  a n t r a l  pouches fo l lowing ACTH (84) .  In c o n t r a s t ,  
Desbail l e t s  e ^  al_^ and Menguy e t  ah_ found decreased  mucus s e c r e t i o n  
and decreased mucosubstance ou tput  in denerva ted  a n t r a l  pouch dogs f o l ­
lowing ACTH and c o r t i s o n e  a c e t a t e ,  r e s p e c t i v e l y  (85 ,  8 6 ) .  Menguy e t  a l . 
a l s o  demonstrated decreased  PAS s t a i n in g  along the  rugal  f o ld s  in r a t s  
fol lowing c o r t i s o n e  a d m in i s t r a t i o n .  This  i s  the  a re a  o f  most r ap id  
mucus renewal and many s t e r o i d  u lc e r s  occur along th e  tops o f  th e se  
f o l d s .  Hutcher e t  al_^ found t h a t  v i tamin  A which i s  n ecessa ry  f o r  i n t e s ­
t i n a l  c e l l  r e p l i c a t i o n ,  and mucus product ion  reduced th e  in c idence  of 
methyl p redn iso lone  a c e t a t e - in d u c e d  u l c e r s  (87).
Despite  the  v a r i a b l e  experimental  r e s u l t s  a r e l a t i o n s h i p  
between g a s t r i c  and adrena l  function  does ap p a re n t ly  e x i s t .  S tud ies  of  
Addison's  d i s e a s e  p a t i e n t s  o f ten  reveal  a c h lo rh y d r ia  o r  decreased  acid 
and uropepsin s e c r e t i o n  which can be reversed  by rep lacement the rapy .
The g a s t r i c  mucosas o f  t h e s e  p a t i e n t s  a l s o  appear t o  be more s e n s i t i v e  
to g lu c o c o r t i c o id s  than normal (88). Kyle found t h a t  Cushing 's  
d i s e a s e  p a t i e n t s  show an inc reased  ac id  response t o  gruel  t e s t  meals 
which can be reversed  by adrenalectomy (89) .
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Foley e t  aj_^ found t h a t  c o r t i s o n e  a c e t a t e  decreased h is tamine  
c o n t e n t  and mast c e l l  co n c e n t ra t io n  in r a t s  but inc reased  p a r i e t a l  c e l l  
c o n c e n t r a t i o n  (90 ) .  The drop in  mast c e l l  c o n c e n t r a t i o n ,  however,  was 
no t  thought to  be c a u s a l ly  r e l a t e d  to  t h e  u l c e r a t i o n .  This o b s e rv a t io n  
was confirmed in  r e s t r a i n t - i n d u c e d  u l c e r a t i o n  by Guth (91).
In a d d i t i o n  to  t h e i r  u lc e ro g e n ic  p o t e n t i a l s ,  ACTH and c o r t i s o n e  
have a l s o  been r e p o r te d  to  d ec rease  the  r a t e  o f  hea l ing  of  u l c e r s  
induced by therm ocautery  (92) and local  eugenol a p p l i c a t i o n  (93) .
This  may be due t o  the  f a c t  t h a t  a l though  th e se  drugs dec rease  the  r a t e  
o f  c e l l  e x f ô l i a t i o n  they  a l so  dec rease  t h e  r a t e  o f  c e l l u l a r  renewal (7 1 ) .
One of  the  most common methods o f  induc ing s t r e s s  u l c e r a t i o n  in  
exper imenta l  an imals i s  immobil iza t ion .  The advantages  of  t h i s  method 
in c lu d e  s i m p l i c i t y ,  r a p i d i t y ,  r e p r o d u c i b i l i t y  and minimal expense.  No 
s u r g i c a l  procedures  o r  drugs a re  r e q u i r e d .  However, those procedures  
and drugs  with known b e n e f i c i a l  e f f e c t s  on u l c e r a t i o n  in humans a l so  
modify th e  inc idence  and s e v e r i t y  of  r e s t r a i n t - i n d u c e d  u l c e r a t i o n .  
A d d i t i o n a l l y ,  on ly  one type of  l e s i o n  occu rs  and i t  i s  always in the
a c i d - s e c r e t i n g  po r t ion  of the  stomach (94 ) .
Rats  a r e  most f r e q u e n t ly  used in  r e s t r a i n t  experiments.  The 
in c id e n c e  o f  u l c e r a t i o n  has been shown t o  be d i r e c t l y  p ro p o r t io n a l  to  
th e  volume o f  the  r e s t r a i n i n g  c o n t a in e r  or  the degree o f  im mobi l iza t ion  
(95,  96) .  Combination of  immobil iza t ion  with  o t h e r  s t r e s s e s ,  such as 
low ambient  t e m pera tu re ,  which may or  may no t  be u lce rogen ic  in them­
s e l v e s ,  a l s o  in c re a s e s  the in c idence  o f  u l c e r a t i o n  (97).
The d a i l y  a c t i v i t y  cyc le  and t h e  season o f  the yea r  in f lu e n c e  
the  inc idence  o f  u l c e r a t i o n ,  as  do the s t r a i n  o f  animal used ,  the
o r i g i n  o f  the  an im als ,  the c o n d i t io n s  o f  r e a r i n g ,  the  sex and the
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weight  o f  the  animals (98,  99) .  Seasonal e f f e c t  vary  between l a b o r a t o r i e s  
bu t  g e n e r a l l y  u l c e r a t i o n  was more p r e v a l e n t  du r ing  the  w in te r  months (96,  
100). Immobil iza t ion  dur ing  the a c t i v i t y  phase o f  t h e  d a i l y . a c t i v i t y  
cyc le  inc re ased  th e  inc idence  of  u l c e r a t i o n  (98,  99 ) .  Rearing animals 
in in d iv id u a l  cages and handling them f r e q u e n t l y  were p r o t e c t i v e  
a g a i n s t  u l c e r a t i o n  (101, 102).  Female r a t s  had a h ighe r  inc idence  of  
u l c e r a t i o n  than male r a t s  and small r a t s  a h ig h e r  inc idence  than l a rg e  
animals (96) .  S ines  found t h a t  inc idence  o f  u l c e r a t i o n  could be i n ­
c rea sed  in  succeeding genera t ions  o f  r a t s  by s e l e c t i v e l y  breeding  u l c e r -  
s u s c e p t i b l e  animals (103).
As in o t h e r  forms o f  s t r e s s  u l c e r a t i o n ,  t h e  mechanisms o f  
r e s t r a i n t - i n d u c e d  u l c e r a t i o n  are no t  known.
Menguy found decreased  acid s e c r e t i o n  in  p y l o r i c - l i g a t e d  r a t s  
su b je c t e d  to  im mobi l izat ion (104).  Brodie e t  a l . , however, sugges ted  
t h a t  the  p y lo r i c  l i g a t i o n  d i s t o r t e d  the  f i n d i n g s .  They found t h a t  
a l though volume of s e c r e t i o n  decreased ,  the  c o n c e n t r a t i o n  o f  th e  ac id  
inc reased  (105).  I t  has been suggested t h a t  th e  decreased  s e c r e t i o n  
seen by some is  due to  inc re ased  ac id  b a c k - d i f f u s i o n .  For t h i s  r ea son ,  
Gerety e ^  a l ^  compared the  r a t e s  o f  b a c k - d i f f u s i o n  dur ing  r e s t r a i n t  o f  
p y l o r i c - 1 ig a t e d  r a t s  to  n o n - r e s t r a in e d  c o n t ro l s  (106) .  Despite  the  
d i f f e r e n c e s  in u l c e r a t i o n  in cont ro l  and r e s t r a i n e d  an imals ,  i t  was 
found t h a t  the r a t e s  of  ac id  b a c k -d i f fu s io n  were s i m i l a r .  The e f f e c t  
o f  p y l o r i c - l i g a t i o n  on ac id  b ack -d i f fu s io n  was n o t  co n s id e re d ,  however.
Regardless o f  the  changes in ac id  s e c r e t i o n ,  h is tam ine  has been 
re p o r te d  to  be involved  in r e s t r a i n t  u l c e r a t i o n .  Levine e t  a l ^  found a 
s i g n i f i c a n t  in c re a s e  in h i s t i d i n e  deca rboxyla se  a c t i v i t y  a f t e r  two hours 
o f  immobil iza t ion  o f  r a t s  in a cold environment (107) .  This change could
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be blocked by b ro c r e s in e  which i n h i b i t s  h i s t i d i n e  decarboxylase and 
inc reased  by aminoguanldine which i n h i b i t s  diamine o x id a se .  The former 
agen t  decreased  t h e  inc idence  o f  u l c e r a t i o n  whi le  t h e  l a t t e r  inc reased  
i t .  Animals fed  on pyridoxal  phosphate (a h i s t i d i n e  deca rboxylase co­
f a c t o r )  d e f i c i e n t  d i e t s  had a decreased response  to  r e s t r a i n t  (108).
V ascu la r  changes are thought to  be very  im por tan t  to  r e s t r a i n t -  
induced u l c e r a t i o n .  Guth e t  ah_  has shown t h a t  blood accumulates in 
m ic rovesse ls  in t h e  s u p e r f i c i a l  mucosa a f t e r  only  t h i r t y  minutes of  
im mobil iza t ion  (109-112).  Although mast c e l l  d e g ra n u l a t i o n  accompanies 
t h i s  v a s c u l a r  change in normal r a t s ,  adrenalectomy b locks  the  mast c e l l  
change bu t  has no e f f e c t  on v a s c u la r  changes.  Adrenalectomy a l s o  i n ­
c reases  t h e  in c id en ce  of  r e s t r a i n t  u l c e r a t i o n .  Vagotomy, on the  o the r  
hand, has no e f f e c t  on mast c e l l  d eg ran u la t io n  b u t  b locks  the  vascu la r  
changes and the u l c e r a t i o n .  F u r the r  i n v e s t i g a t i o n  r e v ea led  t h a t  a l ­
though g a s t r i c  mucosal blood f low did  change dur ing  r e s t r a i n t ,  no c o r ­
r e l a t i o n  was found between th e se  changes and the  development of  u l c e r a ­
t i o n .  Guth sugges ted  t h a t  the engorgement o f  the  mucosa seen during 
r e s t r a i n t  was r e l a t e d  to loca l  m i c ro c i r c u l a to ry  ad ju s tm en t  such as p e r ­
haps mucosal ve in  c o n s t r i c t i o n  (112).
The adrenal  g lands  and the sympathet ic  and pa rasympathe t ic  n e r ­
vous systems have a l s o  been im pl ica ted  in r e s t r a i n t  u l c e r a t i o n .  Al­
though g a s t r i c  no rep inephr ine  c o n ce n t ra t i o n  was n o t  a f f e c t e d  in r a t s  
sub jec ted  t o  im mobil iza t ion  the  tu rnover  r a t e  was inc reased  and the h a l f -  
l i f e  dec re ase d .  Norepinephrine  has been shown to  i n h i b i t  c e l l  renewal 
(113).
Ozdemir e t  a l .  confirmed the f a c t  t h a t  adrena lectomy increased
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th e  s u s c e p t i b i l i t y  o f  r a t s  t o  r e s t r a i n t - i n d u c e d  u l c e r a t i o n  w hile  ACTH 
and c o r t i s o n e  decreased  t h i s  s u s c e p t i b i l i t y  (114) .  They f u r t h e r  demon­
s t r a t e d  t h a t  s e r o t o n i n  augmented the  e f f e c t  of  s t r e s s  (115).  In con­
t r a s t  to  Ozdetnir e t  a l . , Dombro e t  a l .  demonst ra ted  no p r o t e c t i o n  aga ins t  
r e s t r a i n t - i n d u c e d  u l c e r a t i o n  by th e  a n t i - s e r o t o n i n  drug methysergide  
(116).  Bonta a l s o  found t h a t  c o r t i s o n e ,  p redn iso lone  and dexamethasone 
were b e n e f i c i a l  in  dec re as ing  r e s t r a i n t - i n d u c e d  u l c e r a t i o n  bu t  in con­
t r a s t  t o  Ozdemir e t  a l . ,ACTH and c o r t i c o s t e r o n e  were found t o  be 
de t r im en ta l  (117).
Many i n v e s t i g a t o r s  have demonstrated the  p r o t e c t i o n  a g a i n s t  
r e s t r a i n t - i n d u c e d  u l c e r a t i o n  a f fo rded  by vagotomy and a n t i c h o l i n e r g i c s  
(118-120). A f te r  co n s id e r in g  the  importance o f  t h e  vagus in  vascu la r  
fu n c t io n  demons trated  by Guth e t  aL_ (110) and t h e  f a c t  t h a t  much 
l a r g e r  doses o f  a n t i c h o l i n e r g i c s  a re  necessary  t o  block s t r e s s  hemorrhage 
than to block g a s t r i c  u l c e r a t i o n ,  Brodie e;t aL^ sugges ted  t h a t  the  vagus 
has s ep a ra te  r o l e s  in c o n t r o l l i n g  ac id  s e c r e t i o n  and g a s t r i c  blood flow 
and,  f u r t h e r ,  t h a t  i t  i s  p o s s ib le  to  suppress  t h e s e  fu n c t i o n s  in d iv idu ­
a l l y  (120).
The r e l a t i o n s h i p  between r e s t r a i n t  u l c e r a t i o n  and mucus i s  
f a i r l y  c o n s i s t e n t .  Lambert e t  al_^ found t h a t  r e s t r a i n t  decreased  
r a d i o s u l f a t e  in c o rp o r a t i o n  in t o  the non -d ia lyzab le  f r a c t i o n  o f  s u l f a t e  
in th e  g a s t r i c  mucosa o f  r a t s  (121,  122). This f r a c t i o n  con ta in s  
s u l f a t e d  po ly s a c c h a r id e s  and g ly c o p ro t e in s .  R e s t r a i n t  has a l s o  been 
shown to  dec rease  t h e  hexosamine content  o f  the g a s t r i c  mucosa (123).  
A d d i t i o n a l l y ,  such a n t i - u l c e r  drugs as s y n t h e t i c  aluminum s i l i c a t e ,  
sodium copper c h l o r o p h y l l i n e ,  t y r o s i n e ,  glutamine and g e f a r n a t e
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increased  hexosamine con ten t  (118).  Threonine,  which has no apparent  
e f f e c t  on u l c e r a t i o n  a l s o  increased  hexosamine c o n t e n t .
On a c e l l u l a r  b a s i s ,  r e s t r a i n t  has been shown to  decrease  the 
number of  g a s t r i c  mucosal c e l l s  e n t e r in g  DNA s y n t h e s i s  and m i to s i s  and 
to  depress  e p i t h e l i a l  c e l l  p r o l i f e r a t i o n .  These changes occurred  before 
the appearance o f  u l c e r a t i o n  (124).
The Mechanisms o f  S t r e s s  U lce ra t io n
As can be seen from the preceding  d i s c u s s io n  the  suggested 
mechanisms of  s t r e s s  u l c e r a t i o n  a re  almost  l e g io n .  Most l i k e l y ,  the re  
i s  no one mechanism o f  u l c e r a t i o n  but ,  r a t h e r ,  many changes which must 
occur e i t h e r  s im ul taneous ly  or  s e q u e n t i a l l y .  Fur thermore ,  i t  may be 
necessary  t o  block only  a small percentage o f  th e se  changes in  o rde r  to 
suppress  u l c e r a t i o n .  This would not n e c e s s a r i l y  mean, however, t h a t  only 
those  changes which were blocked are  n ecessa ry  f o r  u l c e r a t i o n .
The m a jo r i t y  o f  the  suggested mechanisms can be d iv ided  in t o  four  
broad c a t e g o r i e s :  1) v a s c u la r  and metabo lic a l t e r a t i o n s ,  2) ac id -peps in  
a t t a c k ,  3) mucus b a r r i e r  breakdown, and 4) decreased  t i s s u e  r e p a i r  and 
replacement.
Although v a s c u la r  and ac id -peps in  t h e o r i e s  have been examined in 
some dep th ,  the  l a t t e r  c a t e g o r ie s  have been t r e a t e d  on ly  s u p e r f i c i a l l y .  
For i n s t a n c e ,  t h e r e  a re  many s tu d ie s  which i n d i c a t e  t h a t  s t r e s s  u l c e r a ­
t i o n  i s  accompanied by decreased mucus s e c r e t i o n  and t i s s u e  con ten t  but 
only a very few which a t tempt  to  a s c e r t a i n  how th e se  dec re ase s  occur .
The remainder to  t h i s  paper wil l  be d i r e c t e d  toward t h a t  end. Because 
g lyc op ro te in s  a re  the  major s t r u c t u r a l  components o f  mucus,a d i scuss ion  
o f  th e se  subs tances  seems in o rde r .
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Glycopro te ins
S t ru c t u r e
G a s t r i c  g ly c o p ro t e in s  c o n s i s t  o f  a p ro t e i n  core  with  m u l t ip l e  
ca rbohydra te  s i d e  chains  0 - g l y c o s i d i c a l l y  l inked  through N -ace ty l -  
ga lac tosam ine  t o  the  th reon ine  and s e r in e  r e s id u e s .
The ca rbohydra te  s id e  chains  may c o n ta in  g a l a c t o s e ,  glucosamine,  
g a lac to sam ine ,  N -ace ty lga lac tosam1ne ,  N-ace ty lg lucosam ine ,  s i a l i c  ac id  
and fucose .  The s i a l i c  a c id s  and fucose occupy te rminal  p o s i t i o n s  on the 
c h a i n s .  The s i a l i c  ac id  re s id u e s  a re  n e g a t iv e l y  charged and as such 
p lay  an im por tan t  p a r t  In main ta in ing  th e  s t r u c t u r a l  i n t e g r i t y  of  the 
mucus. Inc reased  s e c r e t i o n  and decreased  pH lead to  Increased  s o l u ­
b i l i t y  of  the  mucus due t o  reduced nega t ive  charge and H"*" bonding (126, 
127).
Some g a s t r i c  g ly c o p ro te in s  of  r a t s  and dogs a r e  s u l f a t e d  but  
accord ing  to  Lambert e ^  al_^ the presence  o f  s u l f a t e d  g ly c o p ro te in s  in 
c o l l e c t e d  mucus s e c r e t i o n s  i s  i n d i c a t i v e  o f  s a l i v a r y  o r  esophageal con­
ta m in a t io n .  In c o n t r a s t ,  however. Glass e t  a l . s t a t e s  t h a t  human gas ­
t r i c  mucosa s e c r e t e d  small amounts of  s u l f a t e d  g ly c o p ro te in s  (128).
Robert  e t  al_^ found t h a t  in  th e  r a t  th e  g a s t r i c  antrum conta ined  
1 ,5  mg, the  corpus  0.08 mg, the duodenum 0.72 mg, the t r a n s v e r s e  colon 
1 .3  mg and non-mucus s e c r e t i n g  t i s s u e s  0 . 1 2 -0 .3 7  mg o f  hexosamine per  
mg dry weight  o f  t i s s u e  (129).
Occurrence
In a d d i t i o n  to  the  many previous  r e f e r e n c e s  to  mucus c o n te n t  and 
s e c r e t i o n ,  s e v e ra l  o th e r  i n v e s t i g a t i o n s  m e r i t  mention. Using dogs with 
t o t a l  g a s t r i c  pouches .  Wise e t  a l .  found t h a t  h is tamine  and p e n t a g a s t r i n
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i n c re a s e  mucus s e c r e t i o n  and t h e  r a t i o  of  carbohydra tes  t o  p r o t e i n  in  
t h a t  mucus (130,  131). Since in c re a s e d  H"*" and vagotomy both cause an 
inc reased  CHO/protein r a t i o  t h e s e  au th o rs  sugges t  t h a t  th e  vagus d i r ­
e c t l y  a f f e c t s  mucus makeup.
In c o n t r a s t .  Ley e t  al_^ found t h a t  hi s tamine  and p e n t a g a s t r i n  
decreased  mucus s e c r e t i o n  in denerva ted  pouch dogs w hi le  muscaran i n ­
c rea sed  i t  (132) .
G lass  e t  a]_j_ found t h a t  both non -su l fa  ted and s u l f a t e d  g lyco­
p r o t e i n s  a r e  p r e s e n t  in  th e  h ig h e s t  conce n t ra t ion  In mucus c o l l e c t e d  
a f t e r  an o v e rn ig h t  f a s t  in  humans (128).  They a l so  found t h a t  h is tam ine  
decreased th e  c o n c e n t r a t i o n  and o u tp u t  o f  both types o f  g l y c o p ro t e in s .  
They suggested  t h a t  t h e s e  de c re a se s  were r e l a t e d  to t h e  accumula t ion of  
g ly c o p ro t e in s  in  the  e p i th e l i u m  o f  th e  g a s t r i c  su r face  and c r y p t s  seen 
by Gerard e_t al_^ fo l low ing  h i s ta m ine  s t im u la t ion  (133).
Syn thes is
S ince  hexosamines are  mandatory components o f  g ly c o p ro t e in s  and 
t h e  pathway o f  hexosamine s y n th e s i s  has been s t u d i e d  e x t e n s i v e l y  in 
s ev e ra l  mammalian t i s s u e s ,  t h i s  pathway provides a co n v en ien t  method 
f o r  examining changes in g ly c o p ro te in  sy n th es i s .
The hexosamine s y n t h e s i s  pathway i s  i l l u s t r a t e d  in  F igure  1.
The f i r s t  enzyme in t h i s  pathway i s  L-glutamine:  D - f ruc tose -6 -phospha te  
a m in o t ran s fe ra s e  (E. C. 2 . 6 . 1 . 1 6 ) ,  h e r e a f t e r  r e f e r r e d  t o  as glucosamine 
s y n th e t a s e .
Glucosamine s y n th e t a s e  was f i r s t  recognized in Neurospora 
c r a s s a  by L e l o i r  and Cardin i  in  1953 (134). Three  y e a r s  l a t e r  Pogell 
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Pogell  e t  al_^ determined t h a t  t h i s  enzyme had an ab s o lu t e  s p e c i f i c i t y  
f o r  glutamine b u t  would use e i t h e r  g lucose-6 -phospha te  or  f r u c t o s e - 6 -  
phosphate (136). Ghosh e v e n t u a l l y  e s t a b l i s h e d  the f a c t  t h a t  f r u c t o s e - 6 -  
phosphate was t h e  proper  hexose s u b s t r a t e  and t h a t  a phosphoisomerase in 
t h e  crude e x t r a c t s  had led  to the  e a r l i e r  confus ion  (137).
Glucosamine s y n th e t a s e  i s  an i r r e v e r s i b l e  enzyme (137) .  I t  i s  
r a t e - l i m i t i n g  in the hexosamine s y n t h e s i s  pathway (138) ,  and i s  feedback 
i n h i b i t e d  by u r id i n e  d iphospho-N-acetyl -D-g lucosamine (UDPAG) both  in  
v i t r o  and ij% vivo (139).
Winterburn e t  a l . demonst ra ted  t h a t  g lucose -6 -phospha te  and AMP 
p o t e n t i a t e d  UDPAG i n h i b i t i o n  o f  glucosamine s y n th e t a s e  and UTP behaved 
as  an a c t i v a t o r .  Fur thermore ,  th e se  subs tances  were found t o  have an 
e f f e c t  only when UDPAG was bound to  th e  enzyme. Glucose-6-phosphate 
and AMP apparen t ly  enhance the  b inding of  UDPAG to  t h e  enzyme. ATP 
i n h i b i t s  glucosamine s y n th e t a s e  in the  absence of  the  feedback i n h i b i t o r  
(140) .
Glucosamine s y n th e t a s e  i s  lo c a te d  in  the c y t o s o l .  The l i v e r  
enzyme has a molecu lar  weight  between 360,000 and 400,000 and probably  
c o n s i s t s  o f  fou r  subun i ts  (141).
S t r e s s e s  such as laparotomy and p a r t i a l  hepatectomy cause  
in c re a s e d  glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t i e s  (142) .  S ince  t h i s  
enzyme i f  normally i n h i b i t e d  by 90%, i t  would be l o g i c a l  to assume t h a t  
t h i s  in c re a s e  in s p e c i f i c  a c t i v i t y  r e s u l t e d  from decreased  i n h i b i t i o n  
(140).  However, i t  was found t h a t  the inc reased  enzyme s p e c i f i c  a c t i v i t y  
was due to s y n thes i s  of  new enzyme (142).  Bley e t  a]_^ sugges t s  t h a t  
t h e se  s t r e s s e s  lead  to  changes in th e  co n c e n t ra t i o n  o f  the  secondary
23
e f f e c t o r s  r e s u l t i n g  in enhanced binding o f  UDPAG and g r e a t e r  i n h i b i t i o n .  
There fo re ,  d e s p i t e  the l a rg e  capac i ty  f o r  in c r e a s in g  a c t i v i t y  by 
r e l i e v i n g  i n h i b i t i o n ,  new s y n th e s i s  o f  enzyme i s  necessary  (143).
A number o f  s tu d ie s  have been performed i n d i c a t i n g  a r e l a t i o n s h i p  
between u l c e r o g e n ic  p o te n t i a l  and hexosamine s y n th e s i s .  Boll e t  r epor ted  
t h a t  sodium s a l i c y l a t e  i n h i b i t e d  glucosamine s y n th e ta s e  in  l i v e r  and 
connec tive  t i s s u e  in v i t r o . In c o n t r a s t ,  a c e ty l  s a l i c y l i c  ac id  caused 
s i g n i f i c a n t  i n h i b i t i o n  only in connec tive  t i s s u e  (144).  Per ry  demon­
s t r a t e d  84% and 61% decreases  in enzyme a c t i v i t y  in  the  g a s t r i c  mucosa 
o f  r a t s  fo l low ing  the ad m in i s t r a t io n  o f  pharmacological  doses  of  sodium 
s a l i c y l a t e  and phenylbutazone ,  r e s p e c t i v e l y  (145) .  Zwierz measured the 
s p e c i f i c  a c t i v i t y  of  t h i s  enzyme in u l c e r a t e d  human g a s t r i c  t i s s u e  o b t a in ­
ed dur ing  s u r g i c a l  r e s e c t io n  but  was unab le t o  ob ta in  normal t i s s u e s  
f o r  comparat ive measurements (146).
The second enzyme in  the  hexosamine pathway i s  glucosamine-6- 
phospha te :N -ace ty la se  (E. C. 2 . 3 . 1 . 4 ) ,  h e r e a f t e r  r e f e r r e d  to  as N- 
a c e t y l a s e .  This  enzyme has been s tud ied  in  y e a s t  (147) ,  sheep b ra in  
(148) ,  r a b b i t  l i v e r ,  kidney,  muscle,  dog kidney and human l i v e r  (149).  
Kent e t  al_^ found t h a t  t h i s  enzyme was i n h i b i t e d  by sodium s a l i c y l a t e  
in v i t r o  in  sheep co lonic  mucosa (150).
Hypothesis
Based on th e  l i t e r a t u r e  c i t e d ,  i t  i s  our co n ten t io n  t h a t  changes 
in g ly c o p ro t e in  sy n th e s i s  a r e  c a u s a l ly  r e l a t e d  to  s t r e s s  u l c e r a t i o n .  To 
demonstrate t h i s  r e l a t i o n s h i p  we examined t h e  e f f e c t  o f  severa l  methods 
o f  inducing s t r e s s  u l c e r a t i o n  in r a t s  on two enzymes o f  th e  hexosamine 
s y n th e s i s  pathway. Since a number of  drugs with  known u lce rogen ic
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p o t e n t i a l  have been observed to  a l t e r  hexosamine s y n t h e s i s  in t i s s u e s  
o th e r  than th e  g a s t r i c  mucosa, we sugges t  t h a t  in many in s ta n c e s  th e  
changes in hexosamine s y n th e s i s  a r e  sys temic  in scope ,  and ,  as  such can 
be dem onst ra ted  no t  only  in g a s t r i c  mucosa but a l s o  in th e  l i v e r .
Fur therm ore ,  we suggest  t h a t  changes in t h e  s p e c i f i c  a c t i v i t y  
o f  the  glucosamine s y n th e t a s e  i s  no t  mediated by th e  a d re n o c o r t i c o id s  
du r ing  r e s t r a i n t  s t r e s s  and t h a t  changes in  UDPAG l e v e l s  a r e  not  
r e s p o n s ib l e  f o r  t h e s e  changes.
CHAPTER II 
MATERIALS AND METHODS 
Chemicals
Adenosine 5 ' - t r i p h o s p h a t e ,  disodium s a l t ,  Sigma grade ,  L- 
g lu tamine ,  grade 111, D - f ru c to s e -6 -p h o s p h a te ,  sodium s a l t ,  g rade  1 and 
D -g lucose-6 -phospha te ,  disodium s a l t ,  h y d r a t e ,  Sigma grade were ob­
t a in e d  from Sigma Chemical Co. ,  S t .  Louis,  Missouri .  N-Acetyl-D-glucos-  
amine, A g ra d e ,  D-glucosamine,  MCI, A g ra d e ,  and coenzyme A, t r i l i t h i u m  
s a l t ,  A grade were purchased from Calbiochem, Los Angeles ,  C a l i f o r n i a .  
Sodium s a l i c y l a t e  was purchased a t  Conn ie 's  Pharmacy, Oklahoma C i ty ,  
Oklahoma. A trop ine  s u l f a t e  was ob ta ined  from Eli L i l l y  and C o . ,  
I n d i a n a p o l i s ,  Ind iana .  All o t h e r  chemicals  were r e a g e n t  grade and were 
ob ta ined  commercial ly .
Animals
Male r a t s .  250-300 grams were used in a l l  s t u d i e s .  The animals 
were housed in cages c o n ta in in g  no more than e igh t  r a t s  in the  f i r s t  
f l o o r  animals f a c i l i t i e s  of  th e  Hospital  Research Build ing  a t  l e a s t  one 
week p r i o r  to u se .  All animals rece ived  standard  l a b o ra to ry  r a t  chow 
and water  ^  l i b i t u m .
Due to  c i rc umstances  beyond the  con t ro l  o f  t h e  i n v e s t i g a t o r  two 
d i f f e r e n t  s t r a i n s  of  r a t s ,  ob ta ined  from two d i f f e r e n t  s u p p l i e r s , w e r e
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used .  Study I ,  Group l a - e  and Group I I  experiments were performed using 
Stanley-Gumbreck r a t s  ( o r i g i n a l l y  derived  from the  King-Holtzman s t r a i n )  
ob ta ined  from The I n t e r n a t i o n a l  Foundation For The Study Of Rat Gene tics  
and Rodent P e s t  Control  o f  Oklahoma C i t y ,  Oklahoma. Because t h i s  s t r a i n  
o f  r a t s  became u n a v a i l a b l e  midway through th e  i n v e s t i g a t i o n ,  a l l  o the r  
experiments were performed us ing Sprague-Dawley r a t s  o b ta in ed  from the  
Sprague-Dawley Company., Madison, Wisconsin.  The e f f e c t  o f  t h r e e  hours 
o f  co ld - im m o b i l i z a t io n  (Study I ,  Group la )  was r epea ted  us ing t h e
Sprague-Dawley r a t s  to  in s u re  t h a t  the  two s t r a i n s  of  animals  r e a c t e d
s i m i l a r l y .
In o rd e r  t o  avoid the  p o s s ib le  e f f e c t s  of  hou r ly  f l u c t u a t i o n s
in  var ious  hormonal l e v e l s  on the  enzyme s p e c i f i c  a c t i v i t i e s ,  a l l
s t r e s s e s  were adm in is te red  a t  such t imes t h a t  the an imals  k i l l e d  imme­
d i a t e l y  a f t e r  th e  s t r e s s  were k i l l e d  a t  12 noon. Those animals k i l l e d  
n ine and twenty-one hours a f t e r  s t r e s s  were k i l l e d  a t  9 P.M. and 9 A.M. 
th e  fo l lowing  day ,  r e s p e c t i v e l y .  Whenever p o s s i b l e ,  a l l  experiments  
us ing  a p a r t i c u l a r  agent  were performed w i th in  seve ra l  days o f  one 
another  to  avoid p o s s ib le  seasonal  v a r i a t i o n s .  Study I in vo lv ing  
immobil iza t ion  r e q u i re d  seve ra l  months.
All an imals  excep t  those  r ece iv in g  hy d ro co r t i so n e  were f a s t e d  
18 hours b e fo re  t h e  a d m in i s t r a t io n  o f  drugs o r  im mobi l iza t ion .  They 
rece ived  w a te r  ad l i b i t u m  except  during th e  time of  immobil iza t ion  
or  drug a c t i o n .  Control animals were t r e a t e d  s i m i l a r l y .  Animals 
rec e iv in g  hy d ro co r t i so n e  were f a s ted  only  t h e  l a s t  18 hours be fo re  
death .  Those animals which were al lowed to  recover  n in e  o r  twenty-one 
hours a f t e r  im mobi l iza t ion  were maintained  w i thou t  food during t h i s  
period of  recovery .  They were al lowed f r e e  access  t o  wate r .
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P repara t ion  of  Crude Enzyme E x t r a c t  
At t h e  a p p ro p r ia t e  time a f t e r  im mobil iza t ion  o r  drug a d m in i s t r a ­
t i o n  the  animals were anes thes ized  w i th  e t h e r .  A v e n t ra l  m id l ine  
i n c i s i o n  was made, t h e  l i v e r  exposed,  th e  p o r t a l  vein cannu la ted ,  the  
i n f e r i o r  vena cava c u t ,  and the l i v e r  pe r fu sed  w i th  0.154 M KCl to  
remove blood.  The l i v e r  was then removed and p la ced  in  the  homogeniza­
t i o n  s o l u t i o n .  (See appendix fo r  d e t a i l e d  composit ion o f  a l l  s o l u t i o n . )  
The stomach was removed, opened along th e  g r e a t e r  cu rv a tu re  and r i n s e d  
wi th  co ld ,  running t a p  wate r .  A f te r  v i s u a l  examinat ion o f  the  mucosa 
f o r  u l c e r s ,  th e  a n t r a l  p o r t ion  of  the  stomach was c u t  away and d i s ­
carded .  The stomach was then p laced ,  mucosa up,  on a g la s s  p l a t e  r e s t ­
ing in an i c e  ba th .  Two g la ss  microscope s l i d e s  were used to  g e n t ly  
sc rape  the  fundic  mucosa f r e e  of  the  under ly ing  s e ro s a l  t i s s u e .  Only 
th e  fund ic  mucosal t i s s u e  was used f o r  enzymatic a n a l y s i s .
G a s t r i c  and l i v e r  t i s s u e s  were homogenized s e p a r a t e l y  in 1:2 
(w:v) s o lu t i o n s  o f  homogenizing s o l u t i o n  co n ta in in g  g lucose-6-phosphate  
t o  s t a b i l i z e  the glucosamine s y n th e t a s e .  T issues  were homogenized 
us ing a motor dr iven  Potte r -Elveh jem g l a s s  t o  g l a s s  conica l  homogenizer 
a t  1500 rpm fo r  f i f t e e n  seconds with  t h r e e  v e r t i c a l  s t r o k e s .  The 
homogenates were then  c e n t r i f u g e d  f o r  t h i r t y  minutes in  a r e f r i g e r a t e d  
c e n t r i f u g e  a t  37,000 x g. The c l e a r ,  pink middle  l a y e r  a f t e r  c e n t r i f u ­
ga t ion  was withdrawn with a s t a i n l e s s  s t e e l  needle  and syr inge  and used 
f o r  enzyme a c t i v i t y  and p ro te in  measurements.  This m a te r ia l  w i l l  be 
r e f e r r e d  to  as the  enzyme source.
Procedures of  Enzyme Assays 
Glucosamine Synthe tase
28
Glucosamine syn the tase  s p e c i f i c  a c t i v i t y  was assayed us ing the  
method o f  Kornfeld (151).  The incuba t ion  media conta ined  6 mM D-f ruc -  
t o s e - 6 - p h o s p h a te ,  12 mM L-glutamine,  1 mM EDTA and sodium phosphate  
b u f f e r ,  pH 7 . 5 ,  40 mM f o r  the l i v e r  a s say  and 80 mM f o r  the stomach 
a s s a y .  Total  incubat ion  volumes of  1.0  ml f o r  the  l i v e r  and 0 .5  ml fo r  
th e  stomach assays  con ta ined  0 .5  ml and 0 .25 ml of  l i v e r  and stomach 
enzyme s o u rces  r e s p e c t iv e l y .  L iver  samples were incuba ted f o r  one hour 
and stomach samples f o r  th ree  hours ,  in a 37°C w ate r  bath.  Incuba t ion  
r e a c t i o n s  were stopped by b o i l in g  samples f o r  one minute.
Glucosamine-6-phosphate,  the product  formed in the glucosamine 
s y n t h e t a s e  r e a c t io n  was measured using t h e  Levvy-McAllan m o d i f ica t io n  of  
th e  Elson-Morgan r e a c t io n  (152). Af te r  t e rm in a t in g  the  incubation  
r e a c t i o n ,  t h e  samples were cen t r i f u g e d  f o r  ten  minutes a t  37,000 x g t o  
remove p r e c i p i t a t e d  p ro t e i n .  A l iquo ts  o f  0 .6  ml l i v e r  and 0.3  ml stomach 
s u p e r n a t a n t  were withdrawn fo r  c o l o r i m e t r i c  de te rm ina t ion .  Three- 
t e n t h s  ml o f  water  was added to  th e  stomach samples.
O ne- ten th  ml o f  1.5% a c e t i c  anhydr ide and 0 .5  ml t e t r a b o r a t e  
b u f f e r  s o l u t i o n ,  pH 9 . 1 ,  were added to  each sample. The tubes were 
p laced in  a b o i l in g  water  bath f o r  th r e e  minutes then  cooled r a p i d l y  
under running  t a p  w a te r .  Six ml of  p-di methyl ami nobenzaldehyde r e a g e n t  
were added t o  each sample and th e  samples were incubated  f o r  twenty 
minutes in  a water  bath a t  37°C. Af te r  coo l ing  to  room te m pera tu re ,  
o p t i c a l  d e n s i t i e s  o f  the  samples a t  585 mu were read a g a i n s t  a blank 
c o n t a in in g  w a te r  in p lace  of  the  su p e rn a ta n t .  Product  con ce n t ra t io n s  
were determined by comparing the  o p t i ca l  d e n s i t i e s  t o  a s tandard  curve 
prepared  wi th  glucosamine HCl. All samples were a l s o  compared to 
c o n t r o l s  having zero incubat ion t imes to  e l im in a te  the  e f f e c t  of
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endogenous hexosamine i n t e r m e d i a t e s  in  th e  homogenate s u p e rn a ta n t .
N-Acetylase
This as say  was adapted from t h a t  o f  Kent e t  aT_  ̂ used f o r  sheep 
co lo n ic  mucosal t i s s u e  (150).  The incuba t ion  media f o r  l i v e r  samples 
con ta ined  25 ^moles/ml sodium a c e t a t e ,  0 .12 jjmoles/ml CoA, 4 ymoles/ml 
MgCl2 , 1 jjmole/ml ATP, and 1.8  ^moles/ml g lucosamine-6-phosphate .  The 
in c u b a t io n  media fo r  stomach samples con ta ined  25 umoles/ml sodium a c e ­
t a t e ,  1 jumole/ml CoA, 4 ^moles/ml MgCl2 , 1 p o l e / m l  ATP, and 1 .8  
jjmoles/ml g lucosamine-6-phosphate .  Both in c u b a t io n  médias con ta ined  
100 jumoles/ml potassium phosphate  b u f f e r ,  pH 7 . 5 ,  and water  necessa ry  
t o  reach  f i n a l  incuba t ion  volume. One- tenth  ml o f  g a s t r i c  enzyme 
source  and 0.06  ml o f  l i v e r  enzyme source pe r  in c u b a t io n  tube were used 
f o r  a t o t a l  incubation  volume o f  0 . 8  ml in both t h e  stomach and l i v e r  
a s s a y s .  G a s t r i c  samples were incuba ted  f o r  f o r t y - f i v e  minutes and l i v e r  
samples f o r  ten  minutes in a 37°C wate r  ba th .  The r e a c t io n  was 
stopped by b o i l in g  f o r  one minute.
Product  formation was measured by th e  R e i s s ig  m o d i f ica t io n  of  
the  Morgan-Elson r e a c t io n  f o r  N -a ce ty la te d  hexosamines (153).  A f te r  
s topp ing  th e  incubation  r e a c t i o n ,  the  samples were c e n t r i fu g e d  f o r  ten  
minutes  a t  37,000 x g t o  remove p r e c i p i t a t e d  p r o t e i n .  Aliquots  of  0 .5  ml 
l i v e r  o r  stomach s upe rna ta n t  were withdrawn f o r  c o l o r i m e t r i c  measure­
ment. O ne- ten th  ml of  t e t r a b o r a t e  s o lu t i o n  was added to  each sample.  The 
samples were placed in a b o i l in g  w a te r  ba th  f o r  t h r e e  minutes then 
r a p id l y  cooled under running t a p  w a te r .  Three ml o f  p -d im ethy lbenza lde­
hyde r eag e n t  were added to  each sample and the  samples were incuba ted 
f o r  twenty minutes in a 37°C w a te r  ba th .  A f t e r  c o o l in g  to  room tempera­
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t u r e ,  o p t i c a l  d e n s i t i e s  of  th e  samples were read  a t  585 mu a g a i n s t  a 
blank c o n ta in in g  w ate r  in  p lace  o f  the t i s s u e  sample. Product  concen­
t r a t i o n  was de te rmined by comparing the o p t i c a l  d e n s i t i e s  t o  a s tandard  
curve prepared  with  N-ace ty lg lucosamine.  All samples were a l s o  
compared to  c o n t r o l s  having zero  incubation  t imes .
P ro te in
Enzyme s p e c i f i c  a c t i v i t i e s  a re  expressed  as nmoles p roduc t  
formed per  mg p r o t e i n  per  hour.  P ro te in  was measured us ing  a B iu re t  
method (154).  One-ten th  ml o f  t h e  enzyme source  was added t o  2 . 4  ml 
of  0.9% s a l i n e .  Two and f i v e - t e n t h s  ml o f  B iu r e t  r e a g e n t  were added to 
each sample and o p t i c a l  d e n s i t i e s  a t  540 mu were read e x a c t l y  30 
minutes l a t e r .  All o p t i c a l  d e n s i t y  measurements were made us ing  a 
Beckman DB-G Spec t rophotometer .  C r y s t a l l i n e  bovine serum albumin 
was used as a s t a n d a rd .
Changes in p r o t e i n  co n c e n t ra t i o n  fo l lowing t h r e e  hours o f  
im mobil iza t ion  were determined by comparing mg p ro te in  pe r  gram wet 
weight  t i s s u e  in  s t r e s s e d  and uns t r e s sed  an imals .
UDP-N-acetylhexosamine (UDPAH) Tissue  Leve ls
UDPAH c o n c e n t r a t i o n  was determined us ing  th e  same enzyme source 
used f o r  enzyme s p e c i f i c  a c t i v i t y  measurements.  Following the  modif ica­
t i o n  procedure  o f  Bates e t  a l . , one volume o f  50% TCA was added t o  nine 
volumes o f  enzyme source .  A f t e r  c e n t r i f u g a t i o n  to remove a c i d - i n s o l u b l e  
m a t e r i a l s ,  th e  s u p e rn a t a n t  was b o i l e d  fo r  ten  minutes t o  r e l e a s e  hexos­
amines from the  UDPAH (155).  The s o lu t io n  was again c e n t r i f u g e d  and an 
a l i q u o t  o f  th e  s u p e r n a t a n t  removed f o r  measurement o f  hexosamine
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co n te n t  by th e  Neuhaus and Letzring  m o d i f i c a t io n  o f  the  Elson-Morgan 
r e a c t i o n  (156) .  This  method measures a l l  a c i d - s o l u b l e  hexosamines but  
i t  i s  assumed, based on the f in d in g s  o f  McGarrahan e t  a l ^  and Molnar 
e t  al_^ t h a t  i t  g ives  an accu ra te  e s t i m a t e  o f  th e  UDPAH pool s i z e  (157, 
158).  These au tho rs  found t h a t  90-95% of  a l l  a c i d - s o l u b l e  hexosamines 
in the  l i v e r  a re  p r e s e n t  as UDPAH and the  UDPAH pool i s  an e q u i l i ­
brium m ix tu re  o f  approximately 70% UDP-N-acetylglucosamine and 30% 
UDP-N-acetylgalactosami n e .
F i v e - t e n t h s  o f  the prepared  s u p e r n a t a n t ,  1 .0  ml ace ty l  ace tone  
r e a g e n t  and 6 .5  ml d i s t i l l e d  wate r  were p laced  in  screw- top  t e s t  t u b e s .
The tubes  were c lo sed  with T e f l o n - l i n e d  caps ,  thorough ly  shaken,  and 
p la ced  in  a b o i l i n g  w a te r  bath f o r  20 m inu tes .  A f t e r  coo l ing ,  5 ml 
isoamyl a l coho l  were added and the  tu b e s  aga in  shaken.  The l a y e r s  were 
sep a ra t e d  by low-speed c e n t r i f u g a t i o n  and 4 ml o f  the  a l c o h o l i c  
e x t r a c t  t r a n s f e r r e d  t o  another tube .  A f te r  adding and thoroughly mixing 
1 ml E h r l i c h ' s  r e a g e n t ,  the co lo r  was al lowed to  develop f o r  15 minu tes .  
Opt ica l  d e n s i t y  a t  530 mu was measured a g a i n s t  a blank con ta in ing  w a te r  
in p lace  o f  t h e  t i s s u e  sample. UDPAH c o n c e n t r a t i o n s  were determined 
by comparison o f  the  o p t i c a l  d e n s i t i e s  t o  a s t a n d a rd  curve prepared with 
glucosamine  HCl. Pool s izes  were expressed  as nmoles o f  UDPAH p e r  gram 
wet weight  o f  t i s s u e .
D ete rm ina t ion  of  the D i s t r i b u t i o n  o f  Acid-Soluble  
Hexosamine In te rm e d ia te s
Four c on t ro l  and fou r  exper imenta l  an imals were used f o r  t h i s  
s tudy .  Immediately a f t e r  th ree  hour im mobil iza t ion  s t r e s s  the c o n t ro l  and 
s t r e s s e d  an imals  were i n j e c t e d  i n t r a p e r i t o n e a l l y  w ith  5 y c  of  g lucosamine-
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1-0^4.  The r a t s  were k i l l e d  by d e c a p i t a t i o n  t h i r t y  minutes l a t e r .  The 
l i v e r  and stomach were removed as r a p i d l y  as p o s s i b l e ,  the fund ic  
mucosa scraped f r e e  o f  the  serosa  and both t i s s u e s  homogenized i n d i v i d u ­
a l l y  in a Waring b le n d e r  with  5-10 volumes o f  50% e t h a n o l .  The four 
l i v e r  homogenates and the  four  stomach homogenates from the con t ro l  
animals were pooled t o  form a combined l i v e r  e x t r a c t  and a combined 
stomach e x t r a c t .  M ate r ia l  ob ta ined  from th e  s t r e s s e d  animals was sim­
i l a r l y  pooled.  The pooled homogenates were then b o i l e d  to  dena tu re  p ro­
t e i n  m a te r i a l .  C e l i t e  (1 gm/20 ml e x t r a c t )  was added to  a id  f i l t r a t i o n
and s t i r r e d .  The homogenates were f i l t e r e d  through Whatman #1 paper 
us ing  a Buchner funnel under vacuum. The c l e a r  e x t r a c t s  were evapora ted  
to  d ryness  under vacuum.
The d r i e d  e x t r a c t  was re- suspended  in  5 ml o f  50% e thanol  and 
ap p l ied  to  a column o f  Dowex-l-X4-Cl (1 x 24 cm) p rev io u s ly  washed 
a l t e r n a t e l y  with ac id  and a l k a l i .  The column was f i r s t  e l u t e d  with a 
l i n e a r  g r a d i e n t  made by mixing 325 ml w a te r  with 325 ml 0.04 N HCl. The
second e l u t i o n  was with  a l i n e a r  g r a d i e n t  made by mixing 200 ml 0 .04  N
HCl with an equal amount of  0 .4  N HCl. Ten ml f r a c t i o n s  were c o l l e c t e d  
a t  room tempera tu re  a t  a flow r a t e  o f  0 .7  ml/min.  (158).
One ml a l i q u o t s  of  each f r a c t i o n  were mixed with  10 ml o f  
"XDC" s c i n t i l l a t i o n  so lv e n t  and counted in a Nuclear-Chicago Model 720 
c o u n te r  (159).  Data was expressed as count s  per  minute per  f r a c t i o n  x
10- 3.
Occurrence of  U lce ra t ion  
Each mucosa was examined v i s u a l l y  f o r  damage and graded acco rd ­
ing to  the  e x t e n t  o f  involvement o f  th e  mucosa in  u l c e r a t i o n .  The
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fol lowing four  c a t e g o r i e s  were used ;  0- normal mucosa, +-reddened areas  
o f  mucosa only ,  ++- p in - p o i n t  round l e s i o n s ,  +++-elongate l e s i o n s  l e s s  
than 2 mm in l e n g th ,  ++++- e lo n g a te  l e s io n s  g r e a t e r  than 3 mm in  
le ng th .  The number o f  l e s i o n s  in each ca tegory  was counted.  This  
grading system r e f e r s  only to  the a re a  o f  mucosa involved in u l c e r a t i o n ,  
no t  the  s e v e r i t y  of  the  l e s i o n s .  In no case  did the observed l e s i o n s  
p e n e t r a t e  the e n t i r e  th ickness  of  t h e  stomach wal l .  In some in s ta n c e s  
blood was p r e s e n t  in the stomach a l though  no le s ions  were a p p a r e n t .  The 
sco res  of  an imals  in a p a r t i c u l a r  group were compared to  de te rmine  i f  
a r e l a t i o n s h i p  e x i s t e d  between the  e x t e n t  o f  damage and the  changes in 
enzyme s p e c i f i c  a c t i v i t y .
Incidence  of  u l c e r a t i o n  was taken t o  mean th e  number o f  r a t s  in 
each group who had damage of  any k in d .
S t a t i s t i c s
Data oba t ined  from each group of  experimenta l  animals were 
compared with t h a t  from th e  a p p r o p r i a t e  c o n t r o l s .  The S t u d e n t ' s  t  
t e s t  was used t o  determine s i g n i f i c a n c e .  The 5% p r o b a b i l i t y  l e v e l  was 
chosen as an i n d i c a t i o n  o f  s i g n i f i c a n c e .
Experimental Design 
Study I-  Ef fec ts  o f  Cold-Immobi l iza t ion S t re s s
Although t h i s  s tudy i s  b e s t  d iv ided  in to  severa l  s e c t i o n s ,  the  
bas ic  immobi l iza t ion procedure was s i m i l a r  in  each i n s t a n c e .  All 
animals were f a s t e d  18 hours be fo re  immobi l iza t ion .  On the day o f  the 
experiment s ix  t o  e ig h t  r a t s  were placed in indiv idual  F isher  p l a s t i c  
holding cages ,  medium s i z e ,  and p laced  in a cold room, 2-4° C. Three 
hour immobi l iza t ion per iod  began a t  9 A.M. One and one -h a l f  hour
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im mobil izat ion p e r io d s  began a t  10:30 A. M. The cages were placed 
twelve to  four teen  inches  a p a r t .  An equal number o f  animals were 
main ta ined  a t  room te m pera tu re ,  w i thou t  food o r  w a te r ,  in  ind iv idua l  
cages l a r g e  enough to  prov ide complete freedom o f  movement dur ing  the  
same pe r io d  o f  t ime as  the  exper imen tal  an imals  were immobil ized.  These 
animals  were used as  c o n t r o l s .
Normal u n t r e a t e d ,  ad rena lec tom ized ,  and a t r o p i n i z e d  r a t s  were 
used in  t h i s  s tudy .
Group I -  Immobi l izat ion o f  u n t r e a t e d  r a t s .  This group was 
d iv id e d  in to  s i x  p a r t s :
(a )  Animals were immobil ized f o r  t h r e e  hours and k i l l e d  
immediately a f t e r  th e  im mobil iza t ion  pe r io d .
(b) Animals were immobil ized f o r  t h r e e  hours and k i l l e d  
nine hours l a t e r .
(c )  Animals were immobilized f o r  t h r e e  hours and k i l l e d  
twenty-one hours  l a t e r .
(d)  In o rde r  t o  determine i f  enzyme a c t i v i t y  changed 
befo re  the  appearance o f  u l c e r a t i o n ,  animals were 
immobil ized f o r  one and o n e - h a l f  hours and k i l l e d  
immediately a f t e r  the  per iod  of  im m obi l iza t ion .
(e )  Animals were immobil ized f o r  t h r e e  hours and k i l l e d  
immediately a f t e r  the  per iod  o f  im m obi l iza t ion .
Liver  and g a s t r i c  fund ic  mucosal t i s s u e  l e v e l s  o f  
UDPAH were determined.
( f )  Animals were immobil ized f o r  t h r e e  hours then used 
t o  de te rmine  th e  d i s t r i b u t i o n  o f  a c i d - s o l u b l e  
hexosamine in t e rm e d ia te s  in l i v e r  and g a s t r i c  t i s s u e s .
Group I I -  Immobi l izat ion of  adrena lec tomized  r a t s .  Fasted 
r a t s  were adrean lec tomized  b i l a t e r a l l y  us ing  a do rsa l  approach.  Ether 
a n e s t h e s i a  was used.  Rats were al lowed to  r ecove r  f o r  t h r e e  weeks before  
use.  During t h i s  t ime they  were main ta ined  on 0.9% s a l i n e  and normal 
l a b o r a t o r y  r a t  chow. A second group of  r a t s  was sham-opera ted;  a dorsa l
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i n c i s i o n  was made and th e  adrenal  glands  were gen t ly  moved w i th  f o r c e p s ;  
the  i n c i s i o n  was then c l o s e d .  These an imals  were a l so  al lowed  t o  recover  
f o r  t h r e e  weeks before  use .
On th e  day of  t h e  exper iment ,  fo l low ing  an 18 hour f a s t ,  h a l f  
of  the  adrena lec tomized  and h a l f  o f  the  sham-operated r a t s  were immobil ized 
in a co ld  environment f o r  one hour.  The remaining animals se rv ed  as 
u n s t r e s s e d  c o n t r o l s .
Group I I I -  Immobil izat ion o f  a t r o p i n i z e d  r a t s . Immediate ly 
before  the  t h r e e  hour im mobi l iza t ion  pe r iod  the  r a t s  were i n j e c t e d  sub-  
cu taneous ly  w i th  a t ro p i n e  s u l f a t e ,  5 mg/kg. Control r a t s  r e c e iv e d  
s a l i n e  and were a l so  immobil ized.
In Study I on ly  glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  was 
measured.
Study I I -  E f fec t s  o f  Hydrocort i sone 
Hydrocor t isone  a c e t a t e  was adm in is te re d  i n t r a - m u s c u l a r l y ,  5 mg/ 
day f o r  f o u r  days .  Control  r a t s  r ece ived  s a l i n e  i n j e c t i o n s .  Eigh teen  
hours a f t e r  th e  l a s t  i n j e c t i o n  the  r a t s  were k i l l e d  and enzyme a c t i v i t y  
measurements were made.
Study I I I -  E f f e c t s  o f  ETON 
Ethanol was adm in is te red  us ing  a stomach tube ,  as  a 20% (v :v )  
s o lu t i o n  in w a t e r ,  a t  a dose o f  10 mg/kg. Control  animals r e c e iv e d  
s a l i n e .  Rats  were k i l l e d  two hours a f t e r  e thanol  a d m in i s t r a t i o n .
Study IV- E f fec t s  o f  Sodium S a l i c y l a t e  
Because the  pH o f  the  c a r r i e r  s o l u t i o n  has been shown t o  a l t e r  
the  e f f e c t  o f  sodium s a l i c y l a t e ,  t h i s  drug was adm in is te red  in  s o l u t i o n s
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b u f fe re d  a t  pH 2 .5  or  7 .5 .
Group I -  Sodium s a l i c y l a t e ,  pH 2 . 5 .  The drug was adminis te red  
in  a s o l u t i o n  c o n ta in in g  25 mg/ml sodium s a l i c y l a t e ,  c i t r a t e  b u f f e r ,  
pH 2 . 5 ,  and 0.1 N HCl a t  a dose o f  10 ml/kg (250 mg/kg). A stomach 
tube was used.  Because s a l i c y l i c  ac id  p r e c i p i t a t e s  a t  t h i s  pH, the  drug 
was g iven  as a s l u r r y .  In o rd e r  t o  compensate fo r  p o s s i b l e  mechanical 
damage caused by th e  drug p a r t i c l e s  con t ro l  r a t s  were given  a s l u r r y  
c o n ta in in g  C e l i t e ,  25 mg/ml, c i t r a t e  b u f f e r ,  pH 2.5 and 0.1 N HCl. 
Animals were k i l l e d  fo u r  hours a f t e r  drug a d m in i s t r a t i o n .
In o r d e r  to  de termine i f  changes i n  enzyme a c t i v i t y  occurred  
be fo re  th e  appearance  o f  u l c e r a t i o n  a group o f  r a t s  were given a one- 
h a l f  s t r e n g t h  sodium s a l i c y l a t e  s o lu t i o n  (12 .5  mg/ml) and k i l l e d  a f t e r  
only two hours .
Group I I -  Sodium s a l i c y l a t e ,  pH 7 . 5 .  The drug s o l u t i o n  which 
con ta ined  25 mg/ml sodium s a l i c y l a t e  in phosphate b u f f e r ,  pH 7 . 5 ,  was 
adm in is te re d  v i a  a stomach tube  a t  a dose o f  10 mg/kg (250 mg/kg).
Since sodium s a l i c y l a t e  i s  comple te ly  s o lu b l e  a t  t h i s  pH, con t ro l  r a t s  
rece ived  only  t h e  b u f f e r .  The r a t s  were k i l l l e d  four  hours a f t e r  drug 
a d m i n i s t r a t i o n .
In s t u d i e s  II -IV both glucosamine syn the ta se  and N-ace ty la se  
s p e c i f i c  a c t i v i t i e s  were measured.
CHAPTER I I I  
RESULTS
Adapta t ion o f  Glucosamine Synthe tase  Assay 
Enzyme source co n c e n t r a t i o n s  and incuba t ion  t imes  were va r ied  
using the  glucosamine sy n th e ta s e  a ssay  in an a t t e m p t  to  e s t a b l i s h  t h a t  
th e se  parameters  were l i n e a r  with product  fo rmat ion  under the chosen 
incubation  c o n d i t i o n s .  R esu l t s  a re  shown in F igu res  2 and 3.  Although 
th r e e  o f  the  curves  a re  approximate ly  l i n e a r ,  th e  i l l u s t r a t e d  r e l a t i o n ­
sh ip  between product  format ion  and incubation  t ime in t h e  g a s t r i c  
mucosa i s  no t .  The dep re s s io n  of product  fo rmat ion  seen a f t e r  th r e e  
hours o f  incuba t ion  i s  in  accordance with the  f i n d i n g s  o f  Perry (145).
The lag  dur ing  the  f i r s t  hour of  incubation  was no t  seen by P e r ry ,  
however. Although we can not  expla in  t h i s  l a g ,  i t  was r e p ro d u c ib le .
I t  was decided  t o  d i l u t e  th e  t i s s u e s  1:2 (w:v) f o r  homogeniza­
t i o n  and to  use 0 .5  ml l i v e r  enzyme source and 0 .25  ml g a s t r i c  enzyme 
source .  A one hour inc uba t ion  time was chosen in the l i v e r  and a t h r e e  
hour incuba tion  t ime in th e  stomach. Although a two hour incuba t ion  
time f o r  g a s t r i c  t i s s u e ,  as  used by Per ry ,  would have been s u f f i c i e n t  in 
the  con t ro l  an imals ,  the  enzyme s p e c i f i c  a c t i v i t i e s  were so g r e a t l y  
depressed  in the  s t r e s s e d  animals t h a t  a t h r e e  hour in c u b a t io n  t ime was 
p r e f e r r a b l e .  Both F igures  2 and 3 I l l u s t r a t e  d a ta  ob ta ined  a f t e r  pool ing 


























Fia .  2 Glucosamine s y n th e t a s e  a c t i v i t yIQ.
vs .  in c u b a t io n  t ime.  The s tan d a rd  r e a c t io n  mixtu res  
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F ig .  3 - Glucosamine s y n th e t a s e  a c t i v i t y  vs.  volume 
o f  enzyme source .  In c reas in g  amounts o f  enzyme source  were 
added t o  th e  s tandard  r e a c t i o n  m ix tu re .  Homogenizing s o l u t i o n  
was added to  bring r e a c t i o n  mix tu res  to  proper f i n a l  volumes. 
Liver  samples were incubated  one hour,  g a s t r i c  fu n d ic  samples 
th r e e  hours .  Product  formed was glucosamine-6-P .
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ob ta in  th e  v a r io u s  homogenate c o n c e n t r a t i o n s .
Adaptat ion o f  N -ace ty la se  Assay
The co n c e n t ra t io n s  o f  the  v a r io u s  c o n s t i t u e n t s  o f  th e  N -ace ty la s e  
a ssay  were va r ie d  i n d i v id u a l ly .  R esu l t s  a re  shown in F igures  4 and 5.
All p o in t s  on a s i n g l e  curve were de te rmined us ing  a s i n g l e  homogenate 
in  va r ious  incuba t ion  médias. Optimal c o n c e n t r a t i o n s  o f  t h e  v a r io u s  
c o n s t i t u e n t s  o f  th e  l i v e r  a ssay  were de te rmined to  be 25 pmoles/ml 
sodium a c e t a t e ,  0.12  ^mwles/ml CoA, 4 | imoles/ml MgClg, 1 )imole/ml ATP, 
and 1 .8  pmoles/ml g lucosamine-6 -phosphate .  Optimal c o n c e n t r a t i o n s  in  
the  stomach were the  same excep t  t h a t  1 ^mole/ml CoA was r e q u i r e d .  Both 
in cuba t ion  médias contained 100 ^umoles/ml potassium phosphate b u f f e r ,  
pH 7 .5 .  These co n c e n t ra t i o n  a re  somewhat d i f f e r e n t  than those  used by 
Kent e t  ah_  in  sheep co lon ic  mucosa (150).  Of p a r t i c u l a r  i n t e r e s t  i s  
th e  f a c t  t h a t  approx imate ly  e i g h t  t imes  as much coenzyme A was r e q u i re d  
in  th e  stomach as in the l i v e r .
The co n c e n t r a t i o n s  o f  enzyme sou rce  and inc u b a t io n  t imes  were 
va r ie d  t o  in su re  t h a t  product  form at ion  was l i n e a r  with  t h e s e  param ete rs .  
Resu l t s  a r e  shown in F igures  6 and 7. D esp i te  repea ted  a t t e m p t s  
l i n e a r i t y  was not  achieved.  Kent e t  al_^ was a l so  unable to  show 
l i n e a r i t y  with  time using t h i s  enzyme (150) .  Concent ra t ions  o f  0.1 ml 
g a s t r i c  enzyme source and 0 .06 ml l i v e r  enzyme source per  0 .8  ml t o t a l  
in cuba t ion  volume were chosen a r b i t r a r i l y .  Likewise,  a f o r t y - f i v e  
minute inc u b a t io n  period was chosen f o r  g a s t r i c  t i s s u e  and a t e n  minute 
in c uba t ion  t ime f o r  l i v e r  t i s s u e .  Both f i g u r e s  i l l u s t r a t e  d a t a  ob­
t a i n e d  a f t e r  pooling  t i s s u e  homogenates from two animals and d i l u t i n g  as 
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Fig .  4 -  G a s t r i c  fund ic  mucosal N -ace ty la se  a c t i v i t y  vs .  con­
c e n t r a t i o n  o f  a ssay  components. Each s u b s t an ce  was va r ied  ind ivTdua l ly  
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Fig .  5 - L iver  N -ace ty la se  a c t i v i t y  vs.  conce n t ra t ion  o f  
assay  components. Each subs tance  was v a r i e d  i n d i v i d u a l l y  i n  the  





















F ig .  6 -  N - a c e t y l a s e  a c t i v i t y  v s .  
The s t a n d a r d  r e a c t i o n  m ix tu r e s  were usecTT 
N - a c e ty lg lu c o s a m in e -6 -P .
i n c u b a t io n  t im e .  
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Fig.  7 - N -ace ty la se  a c t i v i t y  v£.  volume o f  enzyme 
s o u rc e .  Inc reas ing  amounts o f  enzyme source  were added to  t h e  
s tan d a rd  r e a c t i o n  m ix tu re .  Homogenizing s o lu t i o n  was added 
t o  b r ing  r e a c t i o n  m ix tu res  t o  proper f i n a l  volume. Liver  
samples were incubated  ten minutes ,  g a s t r i c  fund ic  mucosal 
samples,  f o r t y - f i v e  minutes .
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N -ace ty lase  s p e c i f i c  a c t i v i t i e s  v a r i e d  wide ly  from one day t o  
the  nex t  and f o r  t h i s  reason  d a t a  had to  be expressed  as percentage  
change from con t ro l  an im als  run s im ul taneous ly .
Study I -  E f f e c t s  o f  Cold- Immobi l izat ion 
Group I -  Immobil iza t ion  of  U ntrea ted  Rats
The im mobil iza t ion  o f  r a t s  in  a co ld  environment f o r  th ree  hours 
r e s u l t e d  in 100% in c id e n c e  o f  u l c e r a t i o n .  Spontaneous u l c e r a t i o n  in 
c on t ro l  r a t s  occurred  in  l e s s  than 1% o f  a l l  animals used in  t h i s  i n v e s ­
t i g a t i o n .  Although t h e r e  was no apparen t  r e l a t i o n s h i p  between the  e x t e n t  
o f  u l c e r a t i o n  as i n d i c a t e d  by the  u l c e r  s co r ing  system and the  magnitude 
o f  the  changes in enzyme a c t i v i t y ,  t h e r e  was a drop in glucosamine syn­
t h e t a s e  a c t i v i t y  in t h e  g a s t r i c  fund ic  mucosa o f  a l l  animals with u l c e r a ­
t i o n .  There was a l s o  a d ram a t ic  drop in glucosamine s y n th e ta s e  a c t i v i t y  
in  the  l i v e r  a f t e r  t h r e e  hours o f  im mobi l iza t ion .  These changes a re  
l i s t e d  in  Table 1. G a s t r i c  fund ic  mucosal and l i v e r  glucosamine
s y n th e t a s e  a c t i v i t i e s  a f t e r  s t r e s s  were 70.07±5.89% and 25.17±5.23% of
c o n t r o l s ,  r e s p e c t i v e l y .
Because the  d a t a  were i n i t i a l l y  expressed  as umoles product  
formed/mg p r o t e i n / h r  i t  was im por tan t  t o  e s t a b l i s h  whether p ro te in  
c o n c e n t r a t i o n s  changed as a r e s u l t  o f  immobil iza t ion  s t r e s s .  As can be
seen in Table 1, the  8% drop in p r o t e i n  c o n c e n t r a t i o n  seen in the l i v e r  
was i n s i g n i f i c a n t .  The 13% drop in the stomach was s i g n i f i c a n t ,  bu t  
would tend to  minimize r a t h e r  than  maximize the  observed  changes in 
glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y .
Although the  f l u c t u a t i o n s  in  enzyme a c t i v i t y  l e v e l s  in con t ro l  
and s t r e s s e d  animals d id  no t  f l u c t u a t e  remarkably between animals used
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TABLE I
THE EFFECT OF THREE HOUR COLD-IMMOBILIZATION 
ON GLUCOSAMINE SYNTHETASE SPECIFIC ACTIVITY
























S t r e s s e d
n=17
39.1±1.2 





a= mean ± s,.e.m.
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on one p a r t i c u l a r  day,  the  v a r i a t i o n s  in  l e v e l s  from one day to  the  nex t  
were sometimes q u i t e  d ram a t ic .  For t h i s  reason  a l l  da t a  ga thered  in t h i s  
i n v e s t i g a t i o n  have been expressed  as t h e  pe rce n tag e  changes from 
c o n t r o l s  run s im ul taneous ly  with t h e  s t r e s s e d  or  drugged animals.
Because of  the n e c e s s i t y  o f  swi tch ing  from the  Stanley-Gumbreck 
s t r a i n  of  r a t s  to the Sprague-Dawley s t r a i n ,  th e  t h r e e  hour immobil iza­
t i o n  s tudy was repea ted  on a small number of  Sprague-Dawley r a t s .  In 
the se  animals th e  glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  dropped to  
26.41+7.13% of  c o n t ro l s  in  the  l i v e r  and 40.23±9.58% o f  c o n t ro l s  in t h e  
stomach.  Although th e se  drops a r e  s i m i l a r  t o  those  seen in  the  S ta n le y -  
Gumbreck an im als ,  the  enzyme s p e c i f i c  a c t i v i t i e s  expressed  as nmoles 
hexosamine produced/mg p r o t e i n / h r  were q u i t e  d i f f e r e n t .  As can be 
seen in  Table 2 ,  the  con t ro l  value in the l i v e r  t i s s u e  o f  S tan ley -  
Gumbreck an imals  was 15.29±0.92 nmoles/mg/hr while  t h a t  in Sprague- 
Dawley r a t s  was 31.28±3.16 nmoles/mg/hr.  In th e  stomach t i s s u e ,  
glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  in  Stanley-Gumbreck c o n t ro l  
an imals  was 33.75+2.41 nmoles/mg/hr while t h a t  in  Sprague-Dawley an imals  
was 76.43±8.13 nmoles/mg/hr. Two f a c t s  must be cons idered  in e v a l u a t i n g  
these  d i f f e r e n c e s  between s t r a i n s  o f  an im als .  F i r s t ,  the  S tan ley-  
Gumbreck animals  were used during th e  w in te r  months,  from November, 1972, 
through Janua ry ,  1973, when Sprague-Dawley r a t s  were no t  a v a i l a b l e .  The 
Sprague-Dawley r a t s  were used dur ing  August,  1973, when Stanley-Gumbreck 
r a t s  were no longe r  a v a i l a b l e .  I t  i s  conce ivab le  t h a t  seasonal  
d i f f e r e n c e s  in  con t ro l  l e v e l s  o f  t h i s  enzyme might  e x i s t .  However, a 
second and more l i k e l y  exp lan a t io n  f o r  th e  d i f f e r e n c e s  r e l a t e d  to th e  
p r e p a ra t io n  o f  the t i s s u e s  fo r  enzymatic s p e c i f i c  a c t i v i t y  measurements.
TABLE 2
THE EFFECT OF THREE HOUR COLD-IMMOBILIZATION STRESS 
ON GLUCOSAMINE SYNTHETASE SPECIFIC ACTIVITY IN 
STANLEY-GUMBRECK AND SPRAGUE-DAWLEY RATS
Group
Stanley-Gumbreck 
S p e c i f i c  A c t i v i t y  % o f  Contro l  
nmoles/mg/hr®
Sprague-Dawley 
S p e c i f i c  A c t i v i t y  % o f  Control  
nmoles/mg/hr®
L ive r
Contro l 15 .29 ± 0 .92  
n=26
3 1 .28  ± 3 .16  
n=6
S t r e s s e d 3 .85  ± 0 .80  
n=31
8 .2 6  ± 2 .23  
n=8
p < 0 .0 0 1 25.17 p < 0 .0 0 1 26.41
Stomach
Contro l 33 .75  ± 2.41 
n=21
76.43  ± 8 .13  
n=8
S t r e s s e d 23 .65  ± 1 .99  
n=17
30.75 ± 7 .32  
n=8
p <  0.001 70.07 p <  0.001 40.23
a= mean ± s . e . m .
CD
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When us ing  the Stanley-Gumbreck r a t s  the  t i s s u e s  were homogenized us ing  
a Poly tron homogenizer. Although t h i s  method seemed to  work q u i t e  
well f o r  a number o f  months, we were e v e n tu a l ly  faced  with t h e  appa re n t  
i n a c t i v a t i o n  o f  the  enzyme dur ing  homogenizat ion.  For t h i s  reason th e  
remainder o f  the  s t u d ie s  were c a r r i e d  out us ing  t i s s u e  which had been 
homogenized using the  Pot te r -E lveh jem technique  as desc r ibed  e a r l i e r .  
All glucosamine s y n th e t a s e  c o n t ro l  values measured us ing t h i s  method 
of  homogenizat ion approximated those  given f o r  the  Sprague-Dawley a n i ­
mals.  U nfo r tuna te ly ,  th e  change in s t r a i n  o f  r a t s  occurred  s im u l tan ­
eous ly  with the  change in  homogenizat ion method and season.  Under t h e  
c i rcum stances ,  the  changes were unavoidable.
In order  t o  a s c e r t a i n  i f  changes in  glucosamine s y n th e t a s e  
s p e c i f i c  a c t i v i t y  occurred  be fo re  or  a f t e r  the  appearance o f  g a s t r i c  
l e s i o n s ,  a group o f  animals was s t r e s s e d  f o r  one and o n e - h a l f  hours in 
a cold  environment.  The r e s u l t s  of  t h i s  exper iment a re  shown in Table 
3. The inc idence  o f  u l c e r a t i o n  a f t e r  t h i s  per iod  o f  s t r e s s  was 62.5%. 
However, t h e  drop in  glucosamine syn the tase  a c t i v i t y  in  the  stomach to  
21.03+9.84% of c o n t r o l s  was g r e a t e r  than a f t e r  t h r e e  hours o f  s t r e s s .
Of th e  t h r e e  an imals in t h i s  group which d id  no t  have u l c e r a t i o n ,  two 
e x h ib i t e d  dec re ase s  in  glucosamine s y n th e ta s e  a c t i v i t y .  S ince  the  
inc idence  o f  u l c e r a t i o n  a f t e r  th r e e  hours o f  s t r e s s  was 100% one can 
assume t h a t  the se  animals would have developed v i s i b l e  l e s i o n s  had th e
per iod  of  s t r e s s  been extended.  In c o n t r a s t ,  the drop in  enzyme
a c t i v i t y  in  the  l i v e r  t o  51.26±12.32% of c o n t r o l s  was somewhat l e s s  
than t h a t  observed a f t e r  t h r e e  hours of  s t r e s s .
In order  t o  i n v e s t i g a t e  the  time course  o f  the  recovery  o f  th e
enzyme s p e c i f i c  a c t i v i t y  to  con t ro l  l e v e l s ,  t h i s  a c t i v i t y  was measured
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TABLE 3
THE EFFECT OF 1% HOURS COLD-IMMOBILIZATION STRESS 
ON GLUCOSAMINE SYNTHETASE SPECIFIC ACTIVITY
Group





G a s t r i c  Fundic 
Mucosa
Control 10.91 29.04 normal
9.29 23.43 normal
8.31 20.39 normal
mean ± s .e .m . 9.50±0.71 24.48±2.58








mean ± s .e .m . 4.87±1.17 5.17+2.39
p< 0.010 p<  0.005
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in animals al lowed to recover  from a t h r e e  hour immobi l iza t ion p e r io d  fo r  
nine and twenty-one  hours. In th e  stomach,  recovery  o f  enzyme s p e c i f i c  
a c t i v i t y  was complete a f t e r  nine hours .  Lesions  were s t i l l  v i s i b l e  in  
the  g a s t r i c  fund ic  mucosa a t  t h i s  t im e ,  a s  they  were a t  twenty-one hours 
a f t e r  s t r e s s .  In the  l i v e r ,  recovery  a t  n ine  hours had proceeded t o  
only 72.05±7.73% o f  the con t ro l  l e v e l s .  At twen ty-one hours a f t e r  
s t r e s s  r ecove ry  was complete in t h e  l i v e r  a l s o .
The e f f e c t  of  s t r e s s  and r ecove ry  on glucosamine s y n th e t a s e  
s p e c i f i c  a c t i v i t y  in  u n t r e a te d  r a t s  i s  shown in  F igures  8 and 9.
One p o s s i b l e  mechanism o f  d e c re a s in g  glucosamine s y n th e t a s e  
s p e c i f i c  a c t i v i t y  would be an in c r e a s e  in  UDP-N-acetylglucosamine,  
a feedback i n h i b i t o r  o f  t h i s  enzyme. As th e  d a t a  in  Table 4 i n d i c a t e ,  
the  t i s s u e  c o n c e n t r a t i o n s  o f  t h i s  s u b s tan ce  were no t  a f f e c t e d  in  
e i t h e r  t h e  l i v e r  o r  the stomach by t h r e e  hours o f  im mobil iza t ion .  The 
t i s s u e  c o n c e n t r a t i o n s  measured in  t h e  l i v e r  ag ree  well with those  
found in t h e  l i t e r a t u r e  (160).  UDPAH c o n c e n t r a t i o n s  have not  been 
r ep o r te d  f o r  th e  stomach p re v io u s ly .
F igures  10,  11, and 12 i l l u s t r a t e  th e  d i s t r i b u t i o n  o f  r a d i o ­
a c t i v e  i n t e r m e d i a t e s  in  th e  l i v e r s  and g a s t r i c  fund ic  mucosas o f  normal 
and t h r e e  hour immobi l iza t ion s t r e s s e d  r a t s .  F igure  10 shows the  
d i s t r i b u t i o n  ob ta ined  when the  e x t r a c t  from co n t ro l  l i v e r s  was d iv id e d  
in h a l f  and su b jec ted  to d u p l i c a t e  chromatography.  The two runs were 
q u i t e  r e p r o d u c i b l e  and agree  well w i th  t h e  l i t e r a t u r e  (158).
F igure  11 shows the  d i s t r i b u t i o n  in  t h e  l i v e r  a f t e r  s t r e s s .
The t o t a l  r a d i o a c t i v i t y  in c o rp o ra t io n  was approx im ate ly  o n e - th i r d  o f  
the  normal amount. This was probably  due to  a lowered metabolic r a t e .  
Rats s u b je c t e d  to  th r e e  hours of  im m obi l iza t ion  in a cold envi ronment
52
EFFECT OF COLD-IMMOBILIZATION STRESS 
ON GLUCOSAMINE SYNTHETASE ACTIVITY 
IN ADRENALECTOMIZED RATS 
Liver








a = mean ± sem 









F ig .  8
53
EFFECT OF COLD-IMMOBILIZATION STRESS 


















a = mean ± sem 









F ig .  9
54
TABLE 4
THE EFFECT OF THREE HOUR COLD-IMMOBILIZATION 
STRESS ON UDPAH TISSUE LEVELS
Group
UDPAH 
nmoles/gm t i s s u e ^ L
Liver Stomach"
Control 280.93 ± 14.49 190.02 ± 8.18
n=ll n=5
S t r e s s e d 253.48 ± 14.83 176.71 ±16.81
n=ll n=5
a= mean ± s .e .m.
p> 0.1 p> 0.4
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F ig .  10 -  D i s t r i b u t i o n  o f  g l u c o s a m i n e - l - C ^  in  t h e  a c i d - s o l u b l e  hexosamines 
o f  l i v e r  t i s s u e  o f  c o n t ro l  r a t s .  Combined l i v e r  e x t r a c t  was d iv i d e d  in h a l f  and 
s u b j e c t e d  t o  d u p l i c a t e  chromatography .
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F ig .  11 -  D i s t r i b u t i o n  o f  g l u c o s a m i n e - 1 i n  t h e  a c i d - s o l u b l e  
hexosamine i n t e r m e d i a t e s  o f  l i v e r  t i s s u e  from 3 hour c o l d - i m m o b i l i z a t i o n  
s t r e s s e d  r a t s .
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F ig .  12 -  D i s t r i b u t i o n  o f  g lu c o sam in e - l -C ^^  in  t h e  a c i d - s o l u b l e  
hexosamine i n t e r m e d i a t e s  o f  g a s t r i c  fu n d ic  mucosal t i s s u e .  Normal r a t s  
were u n s t r e s s e d  c o n t r o l s .  S t r e s s e d  r a t s  underwent  3 hours  o f  c o l d - i m m o b i l i z a t i o n .
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f r e q u e n t ly  have a lowered body tempera tu re  and r e a c t  very  s l u g g i s h ly .
In some i n s t a n c e s ,  c e n t r a l  nervous system depress ion  i s  evidenced by the  
temporary lo s s  of  th e  r i g h t i n g  r e f l e x .  In o the r  i n s t a n c e s ,  however, 
the  animals seem q u i t e  normal in outward appearance and a c t i o n s  except  
t h a t  they  are obviously  co ld .
Despite  the  change in t o t a l  i n c o rp o ra t io n  the d i s t r i b u t i o n  of  
the  r a d i o a c t i v i t y  was no t  markedly a l t e r e d  by the  s t r e s s .  The s l i g h t  
s h i f t  to  the l e f t  o f  peaks I I  and I I I  was probably due t o  a change in 
the e l u t i o n  g r a d i e n t .  According t o  Molnar e t  ^  Peak I c o n s i s t s  o f  
f r e e  glucosamine,  N-acylhexosamines,  g lucosamine-6-phosphate and 
glycogen (158).  Peak II  i s  p r im a r i l y  s i a l i c  a c id ;  Peak I I I  a mixture o f
N-acetylhexosamine-1 and -6 -phospha tes  and Peak IV, the  l a r g e s t  compon­
e n t ,  a mixture o f  UDP-N-acetylglucosamine and UDP-N-acetylgalactosamine 
in a r a t i o  of  two to  one. Note t h a t  Peaks II and I I I  a r e  p l o t t e d  on a 
t e n - f o l d  smal le r  s c a le  than Peaks I and IV.
Figure 12 shows the  d i s t r i b u t i o n  obta ined  in the  g a s t r i c  fund ic  
mucosa of  normal and s t r e s s e d  an im als .  The s ca le s  used here  a r e  t e n ­
fo ld  l e s s  than those used f o r  th e  l i v e r .  The same fou r  f r a c t i o n s
appear to e x i s t  in the  stomach as in the  l i v e r .  Lukie e t  a%^ found 
fou r  s i m i l a r  f r a c t i o n s  in  th e  small i n t e s t i n e .  I d e n t i f i c a t i o n  of  the  
sugars in each peak found by th e se  au tho rs  y ie lded  the  same d i s t r i b u t i o n  
as seen by Molnar e t  ^  excep t  t h a t  in s t e a d  o f  a d i s t i n c t  peak c o n t a in ­
ing s i a l i c  ac ids  in p o s i t i o n  two, two small peaks were s e e n ,  one con­
ta in i n g  glucosamine-6-phosphate and th e  o th e r  con ta in ing  s i a l i c  ac id  
(161).
In the l i v e r ,  the  m a jo r i t y  o f  the  r a d i o a c t i v i t y  was p r e s e n t  
in Peak IV, while in the stomachs o f  the con t ro l  animals only 18% o f  the
59
r a d i o a c t i v i t y  was in t h i s  f r a c t i o n .  These pe rcen tage  d i s t r i b u t i o n s  o f  
r a d i o a c t i v i t y  agree  r e l a t i v e l y  well w i th  those  in  the l i t e r a t u r e  f o r  
l i v e r  and small i n t e s t i n e  (158,  161). This  i s  t h e  f i r s t  r e p o r t  on 
hexosamine d i s t r i b u t i o n  in the  stomach us ing  glucosamine.
Although th e  da ta  a r e  not  expressed  on a per  gram t i s s u e  b a s i s  
th e  e ' t r a c t s  were approximate ly  equal in t h i s  r e s p e c t  and i t  t h e r e f o r e  
appeared t h a t  the  stomachs o f  the  s t r e s s e d  an imals  con ta ined  co n s id e ra b ly  
more r a d i o a c t i v i t y  than those  o f  the c o n t r o l s .  Peak I I I  was a l s o  
markedly h ighe r  in  the  s t r e s s e d  animals.  This might  i n d i c a t e  a block  
in th e  UDP-N-acetylglucosamine-1-phosphate ---->UDPAG r e a c t i o n ,  perhaps 
due t o  a l i m i t e d  supply of  UTP. There was a l s o  a much l a r g e r  percen tage  
o f  th e  t o t a l  r a d i o a c t i v i t y  r e p re s e n t e d  i n  F r a c t io n  IV in  the  s t r e s s e d  
animals .
Group I I -  Immobil izat ion of  Adrenalectomized Rats
The involvement of th e  adrenal  g lands  in  th e  u lc e rogen ic  process  
p re s e n t s  a pa radox ica l  s i t u a t i o n .  As d i s c u s s e d  e a r l i e r ,  al though  adreno-  
c o r t i c o i d s  a r e  u lc e ro g en ic  in  some c a s e s ,  they  may be p r o t e c t i v e  in  
o t h e r s .  F igures  13 and 14 i l l u s t r a t e  th e  e f f e c t  o f  adrenalectomy on 
the  changes in glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  a f t e r  c o ld -  
immobi l iza t ion s t r e s s .  Because of  the  reduced c a p a b i l i t y  o f  a d r e n a l e c -  
tomized animals t o  w iths tand  s t r e s s ,  t h e s e  an imals  were immobil ized f o r  
only one hour. Th is  may in p a r t  expla in  why the  dec rease  in glucosamine 
syn the ta se  a c t i v i t y  in the l i v e r  was reduced.  As d iscussed  e a r l i e r ,  
im mobil izat ion of normal r a t s  f o r  one and o n e -h a l f  hours caused a 49% 
drop in  enzyme a c t i v i t y  in the  l i v e r .  In t h i s  s tudy  im mobi l iza t ion  
of  sham-operated r a t s  f o r  one hour caused only a 10.83% d ec re ase .
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Adrenalectomy tended t o  i n c r e a s e  the  e f f e c t  of  the s t r e s s .  The decrease 
in s p e c i f i c  a c t i v i t y  in  t h e  l i v e r s  o f  ad renalectomized an imals  was 
38.48%. Both of  th e s e  reduc t ions  were i n s i g n i f i c a n t .
In the  g a s t r i c  fund ic  mucosa immobi l iza t ion o f  sham-opera ted  
animals le d  to  a 48.27% red u c t io n  in  glucosamine s y n th e t a s e  a c t i v i t y .
The inc idence  of  u l c e r a t i o n  was 62.5% and in  only one o f  th e  e i g h t  
animals were the  l e s i o n s  o f  the  t h i r d  type  (+++).
Adrenalectomy inc re ased  the e f f e c t  o f  im mobi l iza t ion .  The 
inc idence  of  u l c e r a t i o n  was 84.62% and s ix  o f  the eleven  animals had 
l e s io n s  o f  the t h i r d  type (+++). The dec rease  in enzyme a c t i v i t y  was 
88.41%.
I n e x p l i c a b l y ,  d e s p i t e  th e  f a c t  t h a t  the  sham-opera t ions  were 
performed th r e e  weeks p r i o r  to  t h e  immobi l izat ion exper im en t ,  f i v e  o f  
e i g h t  sham-operated c o n t ro l  animals e x h i b i t e d  damage to  t h e  g a s t r i c  
fundic  mucosa which was accompanied by reduced enzyme a c t i v i t y  l e v e l s .  
Four o f  th e s e  an imals  had + l e s i o n s ,  the  f i f t h  had one ++ l e s i o n .  These 
f i v e  animals were n o t  inc luded  as sham-operated c o n t ro l s .
Group I I I -  Immobil izat ion o f  A trop in ized  Rats
A t rop ine ,  when g iven  in  very l a rg e  doses ,  dec re a se s  the i n c i ­
dence of  im mobil iza t ion  (63-64) .  In t h i s  s tudy  a t r o p i n i z a t i o n  decreased 
the  inc idence  o f  u l c e r a t i o n  fo l lowing t h r e e  hours o f  im mobil iza t ion  
from 100% in c o n t r o l s  to  50% in a t r o p i n i z e d  animals.  Glucosamine 
sy n th e ta se  s p e c i f i c  a c t i v i t y  was not  a f f e c t e d  by the  a t r o p i n e  in e i t h e r  
the l i v e r  o r  th e  g a s t r i c  fund ic  mucosa. (F igure  15).  In t h e  l i v e r  
glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  a f t e r  th ree  hours o f  immobil iza­
t i o n  of  r a t s  given s a l i n e  in  p lace  o f  a t r o p i n e  was reduced to  26.41*7.13%
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of uns t res sed  c o n t r o l s .  The reduct ion  in a t ro p i n i z e d  r a t s  was 26.79± 
6.17% of t h e  u n s t r e s s e d  c o n t ro l s .  The two reduced va lues  d i f f e r  s i g ­
n i f i c a n t l y  from th e  uns t r e s sed  c o n t ro l s  bu t  no t  from each o t h e r .  In 
the g a s t r i c  fund ic  mucosa th r e e  hours of  immobil iza t ion  o f  s a l i n e -  
in jec te d  and a t r o p i n i z e d  animals led to  r e d u c t io n s  in glucosamine 
synthe tase  s p e c i f i c  a c t i v i t y  to  40.23+9.58% and 58.46±12.40% of  the 
uns tr essed  c o n t ro l  l e v e l ,  r e s p e c t iv e l y .  Again,  th e se  values  were 
s i g n i f i c a n t l y  d i f f e r e n t  from the u n s t r e s s e d  c o n t ro l  va lue  but  not  from 
one ano the r .
Study I I -  Ef fec ts  of  Hydrocort i sone  
Hydrocor t i sone a c e t a t e ,  admin is te red  d a i l y  f o r  f o u r  days in 
pharmacological  d o s e s ,  caused a 100% inc idence  o f  g a s t r i c  u l c e r a t i o n .  
There were m u l t i p l e  type ++ u lcers  in each animal .  Control animals had 
no u l c e r s .  F igures  16 and 17 i l l u s t r a t e  the  e f f e c t  o f  t h i s  drug on 
glucosamine sy n th e ta s e  and N-acety lase s p e c i f i c  a c t i v i t i e s .  In the 
l i v e r  glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  was decreased  to  70.62 ± 
6.59% of t h e  s a l i n e - i n j e c t e d  con t ro l s  while  N -a c e ty la s e ,  the  second 
enzyme in th e  pathway, was not  a l t e r e d .  In the  g a s t r i c  fund ic  mucosa 
glucosamine s y n th e ta s e  a c t i v i t y  was reduced t o  34.48±9.82% o f  the  cont rol  
l e v e l .  As in the  l i v e r ,  t h e re  was no a l t e r a t i o n  in N -ace ty lase  
s p e c i f i c  a c t i v i t y .
Study I I I -  Ef fec ts  of  Ethanol 
Although e thanol  did  not cause v i s i b l e  damage in the  mucosas of  
any u n t r e a te d  an imals ,  i t  did lead to  s i g n i f i c a n t  r e d u c t io n s  in the  
a c t i v i t y  o f  glucosamine syn the tase  in the  g a s t r i c  fund ic  mucosa. The
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e f f e c t  o f  t h i s  drug i s  i l l u s t r a t e d  in  F ig u re s  18 and 19. Glucosamine 
s y n th e t a s e  s p e c i f i c  a c t i v i t y  was reduced to  51.94+9.90% o f  the  s a l i n e -  
i n j e c t e d  c o n t ro l  leve l  in  the  g a s t r i c  fu n d ic  mucosa. The s l i g h t  
d ec rease  in  s p e c i f i c  a c t i v i t y  in  the  l i v e r  was no t  s i g n i f i c a n t .  N- 
a c e t y l a s e  a c t i v i t y  was not  a l t e r e d  in e i t h e r  t i s s u e .
Study IV- Ef fec ts  o f  Sodium S a l i c y l a t e  
Group I -  Sodium S a l i c y l a t e ,  pH 2.5
Because t h i s  drug was d e l i v e r e d  in  the  form o f  a s l u r r y ,  i t  i s  
q u e s t i o n a b le  whether any of  the  an imals  a c t u a l l y  rece ived  the  p r e s c r ib e d  
dose.  The drug had a tendency t o  s t i c k  to  the  s id e s  o f  the sy r inge  and 
stomach t u b e .
In t h r e e  o f  the  e ig h t  r a t s  g iven  b u f f e r ,  ac id  and C e l i t e  to  
t e s t  t h e  e f f e c t  o f  the  drug p a r t i c l e s  on th e  mucosa, ab n o rm a l i t i e s  were 
seen.  In two o f  the animals t h e r e  was a s i n g l e  gash in the mucosa; in  
the  t h i r d  animal th e re  were two gashes .  The mucosas gave the  appearance 
o f  having been c u t  with  a kn i fe  b lade .  However, the  glucosamine 
s y n th e t a s e  s p e c i f i c  a c t i v i t i e s  in  both th e  l i v e r  and the stomach were 
s i m i l a r  t o  those  seen in o the r  c o n t ro l  an imals .  Table 5 compares the  
c o n t ro l  l e v e l s  in both the stomachs and the  l i v e r s  of  the b u f f e r ,  ac id  
and C e l i t e  t r e a t e d  animals with  t h e  u n t r e a t e d ,  uns t r e s s ed  c o n t r o l s  o f  
the  a t r o p i n e  study .
Sodium s a l i c y l a t e ,  250 mg/kg f o r  fo u r  hours caused a 100% 
inc idence  o f  u l c e r a t i o n .  O v e r a l l ,  t h e  e x t e n t  of  u l c e r a t i o n  was 
g r e a t e r  in  t h i s  group than seen a f t e r  any o th e r  u lcerogen ic  agen t  used 
in t h i s  i n v e s t i g a t i o n .  All r a t s  had m u l t i p l e  l e s i o n s .  The accompanying 
r e d u c t io n  in  glucosamine sy n th e ta s e  a c t i v i t y  was o f  50.05+12.84% o f  t h e
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TABLE 5
THE EFFECT OF CELITE, ACID AND BUFFER. pH 2.5  
ON GLUCOSAMINE SYNTHETASE SPECIFIC ACTIVITY
Group
S p e c i f i c  A c t i v i t y  
nmoles/mq/hr*
Stomach Liver
Untreated  Con tro l s
(from Study I ,  
group I I I )
76 .43 ± 8.13 31.28 ± 3.16
n=8 n=6
C e l i t e ,  Acid and
B u f fe r ,  pH 2 .5 74.38 ± 7.58 30.96 ± 2.01
a= mean ± s .e .m .
n=8 n=7
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c on t ro l  l e v e l .
Sodium s a l i c y l a t e ,  125 mg/kg fo r  two hours caused a 50%
Inc idence  o f  u l c e r a t i o n .  These l e s io n s  were not as  severe  as those  
seen In the  prev ious group. However, the reduc t ion  In glucosamine 
s y n th e t a s e  s p e c i f i c  a c t i v i t y  to  28.86+3.85% o f  c o n t ro l s  was g r e a t e r .  
Although th e se  da ta  do I l l u s t r a t e  t h a t  the enzyme a c t i v i t y  was decreased  
before  th e  appearance o f  u l c e r a t i o n ,  I t  can no t  be concluded t h a t  by 
the  end of  f o u r  hours the  enzyme I s  in the recovery  phase because the 
two r e d u c t io n s  in a c t i v i t y  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t .
N-ace ty lase  s p e c i f i c  a c t i v i t y  was not  a l t e r e d  by e i t h e r  dose 
of  sodium s a l i c y l a t e  a t  t h i s  pH.
The da ta  are shown in  F igures  20 and 21.
In th e  l i v e r  the  s i t u a t i o n  was somewhat d i f f e r e n t .  Sodium 
s a l i c y l a t e  a t  a dosage of  250 mg/kg fo r  fo u r  hours did not  s i g n i f i c a n t l y  
a l t e r  glucosamine s y n th e t a s e  a c t i v i t y  while a dosage o f  125 mg/kg fo r  
two hours d id  reduce the  a c t i v i t y  s i g n i f i c a n t l y  to  30.62+6.46% o f  the 
con t ro l  l e v e l .  These r e d u c t io n s  were s i g n i f i c a n t l y  d i f f e r e n t  and 
sugges t  t h a t  by the end o f  fo u r  hours the enzyme was recove r ing  from 
the  s t r e s s  caused by th e  drug .
In c o n t r a s t  to  the  s i t u a t i o n  in the  stomach,  N -ace ty la s e  
s p e c i f i c  a c t i v i t y  in the  l i v e r  was decreased by 250 mg/kg sodium 
s a l i c y l a t e  f o r  four  hours t o  a leve l  of  44.49±10.72% o f  th e  c o n t r o l s .
These da ta  are i l l u s t r a t e d  in F igures  22 and 23.
Group I I -  Sodium S a l i c y l a t e ,  Ph 7.5
These experiments were done over the  course  of  two weeks and 
the f l u c t u a t i o n s  in con t ro l  l e v e l s  from day to  day made i t  necessary
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-'■pce'-sary to  compare the  values only in terms of  percentage  d i f f e r e n c e  
from c o n t r o l s  run s im u l taneous ly .
Although sodium s a l i c y l a t e  a t  t h i s  pH caused no le s ion  o f  
any kind in any of  the an imals ,  a l l  the g a s t r i c  mucosas were very 
pa le  and the  stomachs were f i l l e d  with  an opaque,  foamy f l u i d .
In both the l i v e r  and the  stomach glucosamine syn the tase  
s p e c i f i c  a c t i v i t y  was reduced,  t o  65.24+12.66% and 60.06±8.21% o f  
c o n t r o l s ,  r e s p e c t i v e l y .  These r educ t ions  were not  s i g n i f i c a n t l y  
d i f f e r e n t  from those  seen when the  drug was adm in is te red  a t  a pH o f  2 .5 .  
This would i n d i c a t e  t h a t  whi le a reduc t ion  in enzyme s p e c i f i c  a c t i v i t y  
alone is  no t  s u f f i c i e n t  to  i n i t i a t e  u l c e r a t i o n ,  i t  may r e s u l t  in a 
lowering o f  t h e  r e s i s t a n c e  o f  t h e  mucosa to  th e  f i n a l  u lce rogen ic  
i n s u l t .
In c o n t r a s t  to  the e f f e c t s  o f  sodium s a l i c y l a t e  a t  pH 2 . 5 ,  a t  
pH 7.5  N -ace ty lase  a c t i v i t y  in  t h e  stomach was decreased  to  85.03±5.40% 
of con t ro l  bu t  was not  a l t e r e d  i n  the  l i v e r .
These da ta  a re  a l so  i l l u s t r a t e d  in  Figures  20,  21, 22 and 23.
CHAPTER IV 
DISCUSSION
The v a l i d i t y  of  any conc lus ions  drawn from t h i s  i n v e s t i g a t i o n  
depends h eav i ly  on the  r e p r o d u c i b i l i t y  o f  the  assays  used.  This 
r e p r o d u c i b i l i t y  was a major concern  th roughout t h i s  s tudy.
D i f f i c u l t i e s  with  r e p r o d u c i b i l i t y  a re  thought  to r e s u l t  from 
two u n re la te d  f a c t o r s :
(1) Glucosamine s y n th e t a s e  i s  an ext remely  l a b i l e  enzyme.
The mammalian enzyme has a r e l a t i v e l y  l a r g e  molecular  
weight  and c o n s i s t s  o f  four  s u b u n i t s ,  a l l  o f  which 
are necessary  f o r  a c t i v i t y  (141).
(2) G a s t r i c  mucosal t i s s u e s  a re  n o to r i u o s l y  d i f f i c u l t
to  homogenize comple te ly .  The abundant  mucus s e c r e t io n s  
tend to a c t  as l u b r i c a n t s  for  the homogenizat ion 
equipment.
F requen t ly ,  those  homogenizat ion p rocesses  which are harsh  
enough to  complete ly d i s r u p t  the  t i s s u e  i n t e g r i t y  a l s o  i n a c t i v a t e  the 
enzyme.
I t  was s u r p r i s i n g  to us to  d i scove r  t h a t  th e  s o lu t ion  to  the se  
d i f f i c u l t i e s  was to only minimally  homogenize the g a s t r i c  t i s s u e .  The 
homogenates used in the  l a t t e r  p a r t  of  t h i s  s tudy ( those  r e s u l t i n g  
from homogenizat ion with the Pot te r -E lveh jem appara tus )  were very
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chunky. However, as the d a t a  1n Table 2 i n d i c a t e ,  th e  s p e c i f i c  
a c t i v i t i e s  measured us ing t h i s  technique were much g r e a t e r  than those 
fo l lowing  Po ly t ron  homogenizat ion o f  the t i s s u e s .  The Polytron 
y ie ld e d  a smooth homogenate. S tudie s  with both methods of  homogeniza­
t i o n  demonst ra ted  t h a t  a d e f i n i t e  r e l a t i o n s h i p  between measurable 
s p e c i f i c  a c t i v i t y  and d u r a t i o n  o f  homogenization e x i s t s .  The optimal 
c o n d i t io n s  f o r  homogenizat ion determined were those d e s c r ib e d  in  the 
methods s e c t i o n  o f  t h i s  r e p o r t .
The s p e c i f i c  a c t i v i t y  of  l i v e r  glucosamine s y n t h e t a s e  measured 
in t h i s  s tudy  compares fav o rab ly  with  those repo r ted  by o th e r  i n v e s t i ­
g a t o r s  (160, 151). This comparison can not  be made f o r  g a s t r i c  t i s s u e  
because o f  d i f f e r e n c e s  in t i s s u e  p re p a ra t io n  used by v a r io u s  i n v e s t i g a ­
t o r s  (145,  146).  However, as  Table 5 i l l u s t r a t e s ,  t h e  con t ro l  l e v e l s  
from var ious  s t u d i e s  were q u i t e  s i m i l a r .
R e s t r a i n t ,  h y d ro c o r t i so n e ,  ethano l  and sodium s a l i c y l a t e  a l l  
led to  decreased  glucosamine sy n th e t a s e  s p e c i f i c  a c t i v i t y .
The r e s t r a i n t  and sodium s a l i c y l a t e ,  pH 2 .5  s t u d i e s  demon­
s t r a t e  t h a t  the enzyme a c t i v i t y  drops  before  the appearance  o f  u l c e r a ­
t i o n .  Before i t  can be s a id  t h a t  a p a r t i c u l a r  p h y s io lo g ica l  change may 
cause u l c e r a t i o n  i t  must be shown t o  occur before the appearance  of  
l e s i o n s .  However, using ethanol  or  sodium s a l i c y l a t e ,  pH 7 . 5 ,  the 
enzyme a c t i v i t y  decreased  bu t  u l c e r a t i o n  d id  not  occu r .  This seems to  
sugges t  t h a t  while  a d e c re ase  in hexosamine can no t  a lo n e  cause 
u l c e r a t i o n ,  i t  may well be a necessary  p r e r e q u i s i t e .  Conceivably,  the  
decreased  hexosamine s y n t h e s i s  may r e s u l t  in a l e ssened  r e s i s t a n c e  to  
some o th e r  f a c t o r  involved in the  u lce rogen ic  p rocess ,  perhaps ac id .
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One of the  many confus ing  f a c t o r s  r e l a t e d  t o  th e  mucus 
ques t ion  i s  the f a c t  t h a t  s tu d ie s  In human u l c e r  p a t i e n t s  a re  c o n f l i c t ­
ing (162, 163) In many in s ta n c e s  no abnormali ty r e l a t i n g  to  s e c r e t e d  
mucus or  t i s s u e  mucus a r e  d e t e c te d .  The rap id  recovery  o f  normal 
glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  seen in  the  r e s t r a i n t  and 
sodium s a l i c y l a t e ,  pH 2 . 5 ,  s tu d ie s  sugges t  t h a t  de c re a se s  in hexosamine 
s y n thes i s  may be necessary  only as i n i t i a t i n g  e v e n t s .  I f  t h i s  i s  
the  ca se ,  a l t e r a t i o n s  in t i s s u e s  which have been u l c e r a t e d  f o r  extended 
periods  o f  time would not  n e c e s s a r i l y  be expected.
The confus ion surrounding the in f luence  o f  a d re n o c o r t i c a l  
hormones on u lc e ro g e n e s i s  has not  been in the  l e a s t  c l a r i f i e d  by t h i s  
s tudy .  The f a c t  t h a t  adrenalectomy prev ious to  r e s t r a i n t  s t r e s s  and 
hydrocor t i sone  both dec rease  glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  
sugges t  t h a t  perhaps adrenomedullary hormones e x e r t  a p r o t e c t i v e  e f f e c t .  
The l i t e r a t u r e ,  however, does not suppor t  t h i s  sugges t ion  (43).  A more 
p l a u s i b l e  hypothes is  i s  t h a t  o f fe red  by Bonta (117).  Based on h i s  
s tu d ie s  comparing the  e f f e c t s  of  ACTH and var ious  g lu c o c o r t i c o id s  on 
r e s t r a i n t  u l c e r a t i o n ,  Bonta suggested th a t  the e f f e c t  o f  g l u c o c o r t i ­
coids  on the  g a s t r i c  mucosa i s  r e l a t e d  to a ba lance between the  a n t i ­
s t r e s s  and u lce rogen ic  e f f e c t s  of  the compounds. F u r the r  spe c u la t io n  
might r e l a t e  to the  s t a t e  of  hea l th  o f  the i n d i v i d u a l .  Proudfoot 
s t a t e s  t h a t  while dexamethasone i s  b e n e f i c i a l  in the  t rea tm en t  of  
s t r e s s  u l c e r a t i o n  i t  should not  be used in the  case o f  p e p t i c  u l c e r a ­
t i o n  (41). I t  i s  i n t e r e s t i n g  t h a t  t h i s  s tudy in d i c a t e d  tendenc ies  in 
t h e  l i v e r  s i m i l a r  to  those seen in the g a s t r i c  mucosa. Decreases in 
t h e  l i v e r  were i n s i g n i f i c a n t ,  however.
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Simultaneous measurement o f  glucosamine s y n th e t a s e  s p e c i f i c  
a c t i v i t y  d ec re a se s  in  the l i v e r  dur ing  u lc e r o g e n e s i s  sugges t  t h a t  
s t r e s s  u l c e r a t i o n  may, indeed,  be a m a n i f e s t a t i o n  o f  systemic d i f f i ­
c u l t i e s .  Whether t h e s e  systemic a l t e r a t i o n s  a r e  c a u s a l l y  r e l a t e d  t o  
u l c e r a t i o n  i s  e n t i r e l y  another  ques t ion  and was beyond th e  scope of  
t h i s  i n v e s t i g a t i o n .
The i n h i b i t o r y  e f f e c t  o f  sodium s a l i c y l a t e  on N -ace ty lase  
s p e c i f i c  a c t i v i t y  merely s t reng thens  the ca se  in  favor  o f  the  p o s s ib le  
involvement o f  hexosamine sy n th e s i s  in u l c e r o g e n e s i s .  Kent e t  a l .  
and Lukie e t  aj_^ a l s o  demonstrated an i n h i b i t o r y  e f f e c t  of  sodium 
s a l i c y l a t e  on N -ace ty la t ion  (150, 161).
F u r th e r  suppor t  f o r  the  importance o f  g ly c o p ro t e in  s y n th e s i s  
in u lc e ro g en es i s  i s  provided by s tu d ie s  on th e  drug carbenoxolone sodium. 
This l i q u o r i c e  d e r i v a t i v e  has been used q u i t e  s u c c e s s f u l l y  in Great  
B r i t a in  f o r  th e  t rea tm en t  of  u l c e r a t i o n .  I t  has been sugges ted  but  not  
demonstrated t h a t  one of  the b e n e f i c i a l  a c t i o n s  of  t h i s  drug i s  
induction o f  g lycop ro te in  syn thes iz ing  enzymes.
Having a s c e r t a in e d  t h a t  u lce rogen ic  procedures  do in  f a c t  
decrease hexosamine s y n th e s i s ,  the ques t ion  the n  becomes "How does t h i s  
occur and what e f f e c t  does i t  have on the  g a s t r i c  mucosa?"
The decrease  in glucosamine s y n th e t a s e  could be a t t r i b u t e d  to  
t h r e e  t h i n g s :  (1) inc reased  d e s t r u c t io n  o f  th e  syn thes ized  p roduc t ,  (2) 
increased  deg rada t ion  of  enzyme, and (3) inc re ased  i n h i b i t i o n  o f  enzyme.
The f i r s t  p o s s i b i l i t y ,  inc reased  d e s t r u c t i o n  o f  syn thes ized  
p roduc t ,  was ru led  o u t  exper imenta l ly .  Incuba t ion  o f  glucosamine-6- 
phosphate w i th  the  enzyme source f o r  t h r e e  hours  d id  n o t  lead t o  a
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measurable lo s s  of  p roduc t  in e i t h e r  the  l i v e r  o r  stomach (unpubli shed 
o b s e rv a t io n  by a u t h o r ) .
Although an inc reased  deg rada t ion  o f  product  can no t  be 
over looked ,  an inc reased  i n h i b i t i o n  o f  enzyme a c t i v i t y  i s  most l i k e l y .
As Table 4 i n d i c a t e s ,  UDPAH c o n c e n t r a t i o n s  did  not change remarkably in 
e i t h e r  the l i v e r  o r  g a s t r i c  t i s s u e s  a f t e r  r e s t r a i n t .  However, Winter-  
burn and Phelps have shown t h a t  i t  i s  the  c o n c e n t r a t i o n  o f  secondary 
e f f e c t o r s  such as g luc ose -6 -phospha te ,  ADR and UTP, which in f l u e n c e  
th e  binding o f  UDPAH to  the  enzyme, t h a t  a r e  o f  major importance (140).  
Glucose-6-phosphate and ADP in c re a s e  UDPAH binding and t h e r e f o r e  i n ­
c r e a s e  i n h i b i t i o n .  UTP, on the o t h e r  hand,  func t ions  as an a c t i v a t o r .
As a l s r e a d y  sugges ted ,  based on th e  s t u d i e s  invo lving the  d i s t r i b u t i o n  
o f  r a d i o a c t i v i t y  in a c i d - s o l u b l e  hexosamine i n t e r m e d i a t e s ,  UTP may be 
l i m i t e d  in th e  g a s t r i c  mucosa o f  s t r e s s e d  r a t s .  Although a s i m i l a r  
l i m i t a t i o n  of  UTP was n o t  in d ica te d  in the  l i v e r ,  on ly  a c tu a l  measure­
ment of  the c o n c e n t r a t i o n s  of  t h e se  secondary e f f e c t o r s  can answer 
t h i s  ques t ion .
L a s t ly ,  the s i g n i f i c a n c e  o f  an i n h i b i t i o n  o f  hexosamine syn the ­
s i s  on the g a s t r i c  mucosa must be cons ide red .  Although many s tu d i e s  
have shown q u a n t i t a t i v e  and q u a l i t a t i v e  changes in s e c r e t e d  mucus and 
t i s s u e  mucus co n te n t  which accompany u l c e r a t i o n ,  i t  i s  d i f f i c u l t  to 
unders tand  how th e se  changes could account  f o r  u l c e r a t i o n  (2 5 ) .  While 
mucus does have b u f f e r in g  c a p a b i l i t i e s  (15 ) ,  does slow H  ̂ d i f f u s i o n  (14 ) ,  
and can i n h i b i t  pepsin a c t i v i t y  (1 3 ) ,  the  magnitude o f  t h e s e  c a p a b i l i t i e s  
i s  so small as  to  render  them a lmos t  un im portan t .  However, hexosamines 
o f  t h e  g a s t r i c  mucosa a r e  not l i m i t e d  to  th e  mucus. G ly c o p ro te in s ,  o f
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which hexosamines are  mandatory components,  have been shown to  be ce l l  
membrane components (165).  The fu n c t io n  of  t h e s e  c o n s t i t u e n t s  i s  not 
e n t i r e l y  unders tood but  the  g ly c o p ro te in s  have been sugges ted  to  be 
involved  in a n t ig e n -a n t ib o d y  r e a c t i o n s  and c e l l  r e c o g n i t i o n .  None- 
t h e - l e s s ,  i t  seems lo g i c a l  to  assume t h a t  dec reased  s y n th e s i s  o f  glyco­
p r o t e i n s  or  s y n t h e s i s  o f  abnormal g ly c o p r o t e i n s  might r e s u l t  in  a l t e r e d  
c e l l  membrane s t r u c t u r e  and fu n c t i o n .  This cou ld  be o f  p a r t i c u l a r  
importance in a t i s s u e  such as the  g a s t r i c  mucosa with a very high r a t e  
of  c e l l  tu rnover .
CHAPTER V 
SUMMARY
Two enzymes in t h e  hexosamine s y n th e s i s  pathway, L-g1utam1ne: 
D - f ruc tcse -6 -phospha te  a m in o t ran s fe ra s e  (E.G. 2 .6 .1 .16 )  and glucosamine- 
6 -phosphate :  N -ace ty lase  (E.G.2 . 3 . 1 . 4 ) , were s tu d ie d  under va r ious  
co n d i t io n s  o f  Induced s t r e s s  u l c e r a t i o n  In r a t s .
Three hour co ld - lm m ob l l l za t lon  s t r e s s ,  hydrocort i sone  (5mg/day 
f o r  four  d a y s ,  l . m . )  and sodium s a l i c y l a t e  (250 mg/kg and 0.1 N HGl 
buffe red  t o  pH 2 .5 ,  o r a l l y )  a l l  Induced u l c e r a t i o n  and caused s i g n i f i ­
ca n t  dec reases  In glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  In both 
g a s t r i c  fund ic  mucosal and l i v e r  t i s s u e s .  Ethanol (20% in w a te r ,  
o r a l l y )  and sodium s a l i c y l a t e  (250 mg/kg In phosphate b u f f e r ,  pH 7 .5 ,  
o r a l l y )  a l s o  led to  decreased  glucosamine s y n th e t a s e  a c t i v i t y  bu t  d id  
not  cause s t r e s s  u l c e r a t i o n .
Glucosam1ne-6-phosphate:  N -ace ty la s e  s p e c i f i c  a c t i v i t y  was 
reduced on ly  by sodium s a l i c y l a t e .
Immobil izat ion o f  r a t s  f o r  one and o n e -h a l f  hours o r  o ra l  
ad m in i s t r a t i o n  o f  lower doses  o f  sodium s a l i c y l a t e  (125 mg/kg and 0.1 
N HCl, b u f fe red  t o  pH 7 .5 )  r e s u l t e d  in  decreased  glucosamine s y n th e t a s e  
s p e c i f i c  a c t i v i t y  but  d id  not  cause u l c e r a t i o n  In a l l  animals.
A t r o p in i z a t l o n  o f  r a t s  Immediately p r i o r  to  th r e e  hours immobi­
l i z a t i o n  reduced the Inc idence  o f  u l c e r a t i o n  but  did not a l t e r  the
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decrease  In glucosamine syn the tase  s p e c i f i c  a c t i v i t y .  B i l a t e r a l  
adrenalectomy o f  r a t s  th ree  weeks p r io r  to  one hour immobi l iza t ion  
inc reased  both  the  inc idence  o f  u l c e r a t i o n  and the  degree o f  glucosamine 
s y n th e t a s e  a c t i v i t y  r educ t ion .
These f in d in g s  demonstrate t h a t  al though dec reases  in  hexosamine 
s y n th e s i s  a lone  do not  i n i t i a t e  s t r e s s  u l c e r a t i o n  they  may indeed be 
a p r e r e q u i s i t e  f o r  t h i s  occurrence.  G lycopro te ins  o f  the g a s t r i c  
mucosa a re  components not  only of  s e c r e t e d  mucus, b u t  a l so  o f  the  ce l l  
membrane. The decreased  sy n th es i s  of  hexosamines,  which a re  mandatory 
c o n s t i t u e n t s  o f  g ly c o p ro t e in s ,  may r e s u l t  in decreased  mucosal 
r e s i s t a n c e  t o  a t t a c k  by o th e r  agent s  Involved in th e  u lcerogen ic  
p r o c e s s ,  such as ac id .
Fur thermore ,  changes demonstrated In the  l i v e r  I n d i c a t e  t h a t  
s t r e s s  u l c e r a t i o n  may be a m a n i fe s ta t io n  o f  a sys temic  d i s o r d e r .
S tu d ie s  u t i l i z i n g  a t r o p l n l z a t i o n ,  whcih b locks  a c id  s e c r e t i o n ,  
and adrenalectomy in d i c a t e  t h a t  the observed d ec re a se s  in glucosamine 
sy n th e t a s e  a c t i v i t y  a f t e r  immobil izat ion were not  caused by a c id  or  
a d r e n o c o r t i c o i d  hormones. The f a c t  t h a t  hydroco r t i sone  induced u l c e r a ­
t i o n  and led  to  decreased  glucosamine s y n th e t a s e  a c t i v i t y  sugges ts  t h a t  
a ba lance  between a n t i - s t r e s s  and the u lc e rogen ic  a c t i o n s  of  g lucocor­
t i c o i d s  may be im por tan t .
Measurement of  UDP-N-acetylhexosamine c o n c e n t r a t i o n  Ind ica ted  
t h a t  the observed  decreases  in glucosamine s y n th e t a s e  s p e c i f i c  a c t i v i t y  
can not  be a t t r i b u t e d  to  increased  co n c e n t ra t i o n s  o f  t h i s  feedback 
i n h i b i t o r .  I t  was suggested t h a t  changes In the  c o n c e n t r a t i o n  o f  
secondary e f f e c t o r s  such as g luc ose -6 -phospha te  ADP, and UTP, which
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in f luence  binding  o f  the i n h i b i t o r  to the enzyme, may be involved .
Studies of  the  d i s t r i b u t i o n  of  r a d i o a c t i v e  glucosamine in the 
a c i d - s o l u b l e  in t e r m e d i a t e s  of  the hexosamine s y n t h e s i s  pathway ind ica ted  
t h a t  in the l i v e r  immobi l izat ion d id  not  a l t e r  t h e  d i s t r i b u t i o n  o f  these 
in te rm ed ia tes  a l though  metabolism was dep res sed .  In c o n t r a s t ,  in the 
g a s t r i c  fundic mucosa an increase  in  the  f r a c t i o n  co n ta in in g  N -ace ty l -  
glucosamine-1 and -6 -phospha tes  a f t e r  s t r e s s  sugges ted  a block in the 
s y n th e s i s  pathway perhaps r e l a t e d  to  a l i m i t e d  supply  o f  UTP.
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This s o lu t i o n  was prepared  by d i s s o lv in g  6 .9  gm KCl, 202 mg EDTA, 
disodium s a l t ,  and 2.383 gm g lucose-6-P ,  d1sodium s a l t  in 500 ml g lass  
d i s t i l l e d  w a te r .  The pH was ad ju s t ed  to  7.5  with 1 N KOH and g lass  
d i s t i l l e d  w ate r  added to  f i n a l  volume.
Glucosamine Synthetase Assay
The fo l lwoing  s tock  s o lu t i o n s  were p repared :  (a)  D - f ruc to se -6 -
phosphate,  disodium s a l t ,  0 .2256 gm/10 m l , (b )  L -g lu tam ine ,  0.1752 gm/10 
ml, (c)  EDTA, disodium s a l t ,  0 .336 gm/ 100 ml,  ( d ) ,  b u f f e r ,  pH 7 .5 ,
2.76 gm NaH2P0,-H20 and 5.36 gm NaoHP0^’7Hp0 /  100 ml ,  and (e)  b u f f e r ,  
pH 7 .5 ,  2.76 gm NaH^PO^'H^O and 5.36 gm Na2HP04'7H20/50 ml.
The s tandard  r e a c t i o n  mixture  used in  l i v e r  t i s s u e  con ta ined  
0.1 ml each o f  s tock  s o l u t i o n s  ( a ) ,  (b ) ,  and ( c ) ,  0 .2  ml o f  s tock  
s o lu t io n  (d ) ,  and 0.5 ml enzyme source.
The s tandard  r e a c t i o n  mix tu re f o r  g a s t r i c  fund ic  t i s s u e  contained 
0.05 ml each o f  s tock  s o lu t i o n s  ( a ) ,  ( b ) ,  and ( c ) ,  0.1 ml s tock  s o lu t io n  
(e) and 0.25 ml enzyme source .
The s tock  s tanda rd  s o l u t i o n  con ta ined  glucosamine HCl, 1 uM/ml.
N-Acetylase Assay
The fo l lowing  s tock  s o lu t i o n s  were prepared :  (a )  b u f f e r ,  pH 7 .5 ,  
2.1774 gm/20 ml,  po tass ium phospha te ,  (b) ATP, 0.2205 gm/10 ml, (c) MgCl. 
0.8132 gm/10 ml,  (d) sodium a c e t a t e ,  0.3402 gm/7.5 ml,  (e)  glucosamine- 
6-phospha te ,  0.0819 gm/ 10 ml, ( f )  coenzyme A, t r i l i t h i u m  s a l t ,  0 .433 gm/ 
6 ml ( fo r  stomach assay )  and (g)  coenzyme A, t r i l i t h i u m  s a l t ,  0.433 gm/ 
30 ml ( fo r  l i v e r  a s s a y ) .
The s tandard  r e a c t i o n  mixture fo r  use in  th e  stomach co n s i s te d  
o f  0.1 ml b u f f e r ,  0.1 ml ATP, 0.0008 ml MgCl2 » 0.06  ml NaAc, 0.06  ml 
g lucosamine-6-phosphate ,  0.1 ml o f  the a p p r o p r i a t e  coA s tock  s o l u t i o n s ,  




The s tandard  r e a c t io n  mixture  fo r  use  in the l i v e r  assay con ta ined  
0 . 1  ml b u f f e r ,  0.1 ml ATP, 0.008 ml MgClg, 0 .06  ml NaAc, 0.06 ml 
g lucosamine-6-phosphate ,  0.06 ml CoA stock s o l u t i o n s ,  0.06 ml enzyme 
source  and g l a s s  d i s t i l l e d  water  to  a f i n a l  volume o f  0 .8  ml.
The s to ck  s tandard  s o lu t io n  con ta ined  N-acetylg lucosamine ,
1 u m o l e / m l .
Levvy-HcAllan and Reis s ig Assays
A ceti c  anhydr ide-  1.5%. Mix 0.15 ml a c e t i c  anhydride in  9.85 
ml ace tone .  This  s o lu t i o n  was prepared  immediately before  use to  p reven t  
p r e c i p i t a t e  fo rmat ion .
Borate  b u f f e r ,  pH 9 .1 .  For the  Levvy-McAl1 an assay 5.35 gm 
potassium b o ra te  were d i s s o lv e d  in  100 ml w a te r .  For the Reiss ig  assay  
5.35 gm po tassium bora te  were d i s so lv ed  in 50 ml wate r .
PDMAD s o lu t i o n -  Dissolve 10 gm p-dimethylaminobenzaldehyde in  
100 ml g l a c i a l  a c e t i c  ac id  con ta in ing  12.5% (v /v )  10 N HCl. This 
s o l u t i o n  can be s to red  up to  one month r e f r i g e r a t e d .  S hor t ly  before  use 
d i l u t e  with  n ine  volumes of  g l a c i a l  a c e t i c  a c i d .
B iu re t  Assay
Disso lve  45 gm sodium potassium t a r t a r a t e  and 5 gm CuS0 4 *5 H2 0  in 
200 ml o f  0 .2  N NaOH. Add 5 gm potassium io d id e  then br ing  f in a l
volume to  1 l i t e r  with 0 .2  N NaOH.
The s tandard  s o lu t i o n  conta ined  10 mg/ml albumin.
Glucosamine-l-C^* D i s t r i b u t i o n
The "XDC" s c i n t i l l a t i o n  s o lv e n t  con ta ined  129 ml xylene,  429 ml 
d ioxane ,  429 ml methyl c e l l o s o l v e ,  80 gm naph tha lene ,  10 gm POP and 
0 .5  gm POPOP. Other reagen ts  used were 50% ETOH, 2N NaOH, 2N HCl, 9.4  
N HCl, 0.04 N HCl, Dowex-l-X4-Cl, C e l i t e ,  and glucosamine-l -C-14-  
10 u c /m l .
Neuhaus and L e tz r ing  Assay
Sodium carbona te  b u f f e r -  d i s s o l v e  3 . 0  gm sodium b icarbonate  
and 17.2 gm anhydrous sodium ca rbona te  in  100 ml wate r .
Acetyl ace tone-  Add 1.2 ml a c e ty l  ace tone  to  20 ml carbona te
b u f f e r .  This reagen t  was prepared immediately before use.
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E h r l l c h ' s  r e a g e n t -  Disso lve 0 .6  gm pDMAB in 2.25 ml o f  concen­




Glucosamine s y n t h e t a s e :  L-glutamine: D - f ruc to se -6 -phospha te  
a m in o t ra n s fe ra s e
NaAc: Sodium a c e t a t e
N -a ce ty la s e :  G1ucosamine-6-phosphate :  N -ace ty la se  
UDPAG: U r id ine  d iphospha te  N-acetylglucosamine 
UDPAH: U r id ine  d iphospha te  N-acetyl hexosamine 
nmoles: Nanamoles 
umoles: Micromoles 
uc:  M ic rocur ie s
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